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XV*. New Exferiments upo?t 'Gtm-powder^ with occajional Oh'" 
fervations and praSlical Inferences ; to which are added^ an 
Account of a new Method of determining the Velocities of all 
Kinds of Military ProjeSiiles^ and the Defer iption of a very 
accurate Eprouvette for Gun-poxvder. By Benjamin Thomp- 
{on J Efq^ itl R. S. 




Read March 29, 1781. 

HES'E experiments were undertaken principally with ti 
view to determine the moft advantageous fituation for the 
?^ent In fire-arms, and to meafure the velocities of bullets, and the 
recoil under various circumftances. I had hopes alfo of being 
able to find out the velocity of the inflammation of gun-powder, 
and to meafure its force more accurately than had hitherto been 
done. They were -begun in the month of July in the year 
YoL.LXXI. 3 I i77S» 
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1778, at Stoneland Lodge, a CQiintry feat of Lord george 

Germain's^ and I was affifted by the revereml Mr. bajle^ 
re£to1r of VVithyham, who lives in the neighbourhood. 

The weather proved remarkably favourable for our experi- 
ment s^ being fettled and ferene, fo that the coiirfe of them was 
never interrupted for a whole day by rain or by any accident.. 
The mercury in the barometer ilood in general pretty high'^. 
and the temperature of the atmofphere ¥/as Ytvj eqiialj. and.- 
moderately warm for the feafon. In order that each experiment 
mighty as nearly aspoifible, be under fimilarcircnmftances, they 
were all made between the hours of ten in the morning and 
five in the afternoon : and after each difcharg'e the piece was 
wiped out with tov/ till all the iniide of the bore wasperfeftly 
clean^ and as brij^ht as if it had lufl: come out of the hands of 
the maker ; and great care was taken, to allow fuch a fpace of 
time to elapfe between the firings^ as might render the heat of 
the piece nearly the fame in every experiment., 

A defcription of tke apparatus^- 

The barrel principally ufed in thefe experiments i¥as made 
by WOGDON, one of the mxofl: fam.ous gunfmiths in London; 
and nothing can exceed the accuracy with which it is bored:, or 
the finenefs of the poiiih on the infideo It is made of the very 
beft iro.n^. and, agreeably to- Mr, robins's advice, 1 took care 
to. have it welf fortified in every part^ that there might be no 
danger of its burfting. Its weight and dimenfions may be feen 
in the table of the Yveight and dimenfions of the apparatus^ 

Fig. I. Reprefents a longitudinal fedion of a part of the 
barrel, with the apparatus firft made-ufe of for Ihifting the vent 
from one part of the chamber to another^ or rath-er for moving, 

tke 
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tlie bottom of the chamber further fxom^ or briiiPiriff it nearer 
to, the ventj in order that the fire m.ightbe communicated to.. 
the powder in different parts of the charge. 

a^ bj rep re fen t the lo\¥er part of the barrel. 

c, is the breech-pLoj which is perforated with a hole four*- 
tenths of an inch in diametcFj the axis of which coincides' 
with the axis of the bore. 

Into this hole the. fcrew /^, n^ about four inches in leiiPth. is 
fitted,; to the. end of whichj, n^ tliat pafies Up into the bore, is 
fixed a pifton 0^ p^ whicth, by means df collars of oiled leather,^ 
is made to fit the bofe of the piece Teri" exaftlj.; .The end oi 
the pifton p^ neafeft the mu^t^ie, 18 of brafs^ and forms a moi^e^ 
able bottom to the bore, which by turning the fcrew h., n^ by 
means of the handle j^, is brought nearer to, or removed fur^ 
ther from, the fixed vent % by which means the pow^der is 
lighted at any aflignable diftance from the bottom of the charge. 

But the length of the bore being altered by moving the 
pifton, which occafioned a fmall inaccuracy, and fome incon- 
venience attending the apparatus, it was laid afide, and ano- 
ther reprefented by fig. %. was fubftitutedin the room of it. 

#, b^ is a fedion of part of the barrel as before^ and t is tha 
breech-pin^ which being perforated with a fmall hole through 
its center received the icrew-yi g, which is about two-tenths of 
an inch in diameter, and fouf inches long. This fcrew being 
perforated v/ith a very fmall hole-, ferves to convey the fire into 
the chamber of the piece, and by fcrewing it further up into 
the bore, or drawing it backwards^ the fire is communicated to 
different- parts of the' charge. 

But this method being found to be not intirely free from inac-- 
curacies and inconveniencies, a third was fubftituted in the 

% I % room 
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room of It, ¥/hicli was foiiocl to aufwer much better than- either 
of the preceding. 

The enti of the here was now firmly clo-fed bj a folii' breech- 
pin /^ fig, 3, and three- vent holes m^ nj and*' ^^ %¥ere made in- 
the barrel ; one of them, ^^5. even with the bottom of the bore,. 
and the' other two at-difierent diftances- from- 1^.- A-ny;two of 
thefe.. vent holeSy. as n znd for inftaiTce, being- clofed'- up'bj* 
■ fohd fcrews^ a perforated'' 'fereWy or vent tube- v^ was^-fcrewed 
into the thirds which ferved to*contaiiivthe primiDg, and tO' 
convey the fire to the powder lodged in the bore of the piece. 

Sometimes a longer vent-tiibej reprefented by fig. 4. was 
made uieof ;: whieh^ paffing through the powder in the cham- 
ber of the piece, eomm-unicated the fire immediately to.' that 
part of the charge that lay in the axis of the bore. 

Another vent-tube alio was ufed occafionally, which difters*> 
in many relpefts from both thofe that have been defcribed. It- 
is fo conflrufted as to convey the fire to the charge ; but, as foon 
as the powder in the chamber of tl^ piece begins to kindle, 
and the elaftic fluid to be generated, the vent is firmly clofed by 
a val\?e,-, and no part of the generated fluid is permitted to- 
efcape. This I. fhall call the vaive-'Ventr and it is reprefented 
by fig. 5^. upm: an enlarged fcale,, that the parts of it may 
appear more diflin£t. 

#,,^5 is a longitudinal feCiiioii of. a fmall portion of tliefolid: 
fide of the, barrel. 

c^ 4 i& the vent-tubcy which is in all refpe^LS like the fhort 
vent-tube commonly made ufe of, except'^ only that in this the 
end of the vent-hole (^) which goes intQ the chamber is en-- 
larged in the form of the wide end of a trumpet or funnel. 

To this enlarged aperture the valve,. *y, is^ accurately fitted^. 
aiid by means of the fmall flen^or tail, t^ which is fixed totJie 

vake^. 
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^alve, and winch pafles up through the vent-hole, and is con- 
ne£ted with the fpring S, the valve is prefled, or rather drawn 
into its place, and the vent is clofed, Tlie ftem of the valve 
w^as at firfl: made cylindrical; but, in order to make way for 
the priming to pafs down to the valve, one-half of its fubftance 
was taken away, as is reprefented in the figure. 

When this vent is^ primed,, the fpace betw^een the vent hole 
and the ftem of the valve is filled with fine-grained pG\?der, 
and the valve is gently opened by prefiing upon the end of the 
ftem till one or more grains of powder lodge themfeives be- 
tween the valve and the aperture ;: which preventing the valve 
from clofing again, a fmall opening isdeft tor the pafiage of the 
flame into the chamber of the piece: therefore, w4ien the 
priming is- lighted, the fire paffing down the vent, and enterin^^ 
the chamber, inflames the charge, and the fmali grains of pow- 
der that were lodged between- the valve and the aperture being 
deflroyed by the flame in its paflage through the vent, the valve 
immediately clofes, and prevents the efcape of any part of the 
elaflie filiid generated by the inflammation of the powder in the 
chamber of the piece. The preffure of this fluid' upon the 
valve aflifts the aftlon of the fpring, by which means the valve 
is morc expeditioufly and miore effeciually clofed* 

The valve was very accurately fitted to the aperture by grind- 
ing thern together with powdered emery, and afterwards po- 
lifliing them one upon the other. And it is very certain, that 
no part of the elaftic fluid made its efcape by this vent; for, 
upon firing the piece, there w^as only a fimple flafh from the 
explofion of the priming, and no flream of fire was to be {qqix 
ifllilng from the vent, as is always to be obferved when a com-^ 
jnon. vent is made ufe of, and in all other cafes where this fluid 
finds a paflage, 

6 111 
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In order that ^"every part of the apparatus employed in theli 
■•experlmeiits might he as perfe£l as poffible,, all the more, deli- 
cate parts of It were executed by Mr. FRiisEi, mathematical 
iiiftrnmeiit-raaker in Duke's Court, St* Martin's Laiie^ and^ 
:amorjg the reft, all the contriFances juH defciibed relative to 
the vent« 

The velocities of the bullets were determined, by means of a 
pendulum, according to, the method invented by Mr. eobins. 

The pendulum I made ufe of (fig* 6.) is' compofed of a cir- 
cular plate of hammered iron (^), ,13 inches in diameter, and 
O565 of an inch thick,-; to which is firmly faftened a bar of iron 
ipj ^*) S^-^S h.iche8 in leiigtii, Zj6 inches broad^ and half an 
inch in thicknefs, ^ by which it is fufpended by means of two 
pivots (4 i) at the end of the bar (V), and at right angles to 
its length* - Thefe pivots being very accurately fiiiiflied, and 
.moving on^poliflied grooves, which were kept doiiftantly oiled 
to leflen the fricllon, ^the vibration of the pendulum was very- 
free, as appeared' by the great length of time its vibrations con* 
tinned after it had been put in motion, and was left to itfel£ 
To the circular plate of the pendulum, targets of circular 
pieces of wood 'oi different thickneiles were fixed-, which in the 
courfe of the experiments were often fpoiled and replaced : andj 
in order to mark the weight and diiTienfiotis of the pendulum 
in each experiment, the pendulums are numbered according to the 
different targets , that were .made ufe of; and the weight and 
dimenfions of each pendulum are let down in a table at the end 
of the defcription of the apparatus* 

The target of the pendulum W t. was made of a circular 
piece of elm-plank, 3! inches thick, and equal in diameter to 
the iron plate of the pendulum to which it was fixed ; but this 
target beiB,g too thin was very foon ruined. 

The 



Tlie peiidoliim N"" 2. was foraiflied witli two targets, which 
were circular pieces of very tough oak-plank^ near five inches 
thick, placed on oppofite fides of the plate of the pendulum, 

and firmly fixed to- it by fcrews,, and to- each.' other' by iron- 
ftraps. When one of thefe targets- was ruined, the pendulun^. 
was turned about, and the other was- made ufe of. This> pen-/ 
dulum: lafted from' experiment Wg. to- experiment N:''39'»^ when- ^t 
was fo much fhattered as 'to be rendered unfit for further fervice^... 

The pendulum- N° j.. was- dike the penduiuiH' N:"" 2v;: only,, 
inftcad of oak, elm-plank near feven inches- m thicknefs was.^ 
made- ufe' of for the targets. This, pendulum ferved from; ex-~ 
periment N"" 40; to= experiment N"" loipinclufively... 

But finding that- targets made of planks^- of tBe^tollghefl^ 
wood were very -foon. fhattered to pieces- by the bullets, I com- 
pofed the pendulum N° 4. in a different manner, Inftead of 
circular pieces of plank, folid cylinders- of elm-timber were 
made ufe of for the targets, fo. that the bullets now entered 
the wood in the dire£tion of its fibres^ Thefe cylinders are 
I J inches in diameter,, and about 5! inches in lengthy hooped 
with iron at both their ends to^ prevent their fplitting, and 
firmly faftened to the plate of the pendulum, and to each other 
by four iron flraps* This pendulum lafted till the experiments 
were finifhed, ^ It is flill in being, and appears to be very little 
the worfe for the fervice it has undergone. 

Fig» 7. fhews the two ends of the pendulum, upon a large 
fcale, together with the hooks or grooves by which it was* 
fufpended. 

^, ^, is the bar of the pendulum,, which Is feen broken ofi^ 
as there is not room to fhew the whole of its length, 

€^ 4 are the pivots by which it was fufpended* 
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tj Is the circular plate of the pendulum, to which 

^5 g^ two circular targets^ are fafteoed by fcrews^ and by 
imeans of the iron ftraps, i, 2, 3, 4, which are nailed to the 
(edges of the targets. 

B^ ky are the hooks whidh ferved inftead of grooves to receive 
'the pivots, c^ d^ of the pendulum. 

The hooks were firmlv fixed to the horizontal beam R. S. 
ivhich fupported the whole apparatus by means of three ferews 
01, fi, Q, which palled through three holes in the plate that 
.conne£ls the two hooks. When the hooks were faftened to the 
beam, the middle fcrew, n^ was firfl put into its place, and 
the pendulum was allowed to fettle itfelf in a pofitlon truly 
^perpendicular, after which the grooves were immoveably fixed 
by means of the ferews m^ 0. 

The chord of the arc, through which the pendulum afcended 
in each experiment, was meafured by a ribbon, according to the 
method invented and defcribed by Mr, robins. 

The recoil was meafured in the following manner. The 
barrel was fufpended in an horizonta;! pofitioii (and nearly In a 
line with the center of the target) by two fmall pendulous 
rods, 64 inches in length, and 25,6 inches afunder ; which 
being parallel to each other, and moving freely upon polifhed 
pivots about the axes of their fufpenfion, and upon tw^o pair of 
trunnions that were fixed to the barrel, formed, together with 
the barrel, a compound pendulum ; and from the lengths of 
the vibrations of this pendulum, the velocity with which the 
barrel began to recoil, or rather its greateft velocity, was deter-' 
mined. 

But in order that the velocity of the recoil nlight not be too 
^reat, fo as to endanger the apparatus when large charges were 

made 



upvin Gun-po%^der^ lea it^j 

made ufe of, it was found neceflary to load the barrel with an 
additional weight of more than 40 lbs. of iron. 

This additional v/eight of iron, which I fiiall call the gun car-^ 
riagej as it was fo conftriifted as to ferve as a carriage to the 
barrel, is compofed of a bar of hammered iroa 28 inched m 
length, 2,6 inches broad, and half an inch in thicknefs, which 
is bent in the middle of its length in fuch a manner, that its 
two flat fides or ends are parallel to each other, and dip:ant 
afiinder two inches. In the middle of this bar where it is bent 
is a hole in the foVm of an oblong fg^uare, which, receiving the 
end of the breech-pin, fnpports the lower end or breech of the 
barrel. The other end of the barrel is fupported and confined 
in the following manner. A ring or hoop of iron, near half 
an inch thick, and two Inches in diameter, is placed in a ver- 
tical poiitioti between the^ parallel fides of the bar, and near Its 
two ends, and firmlj fixed to them by fcrews* The barrel 
paffing through the middle of this ring is fupported upon the 
ends of three fcrews, which paffing through the ring in dif- 
ferent parts of its cIrGuniferen.ce all poifit towards its center. 

The carriage, together with the barrel^ was fuf|)endedb}r4:he 
pmdulous; rods by mean % of twx) palr:p£poliflied trunnions that 
are fixed tqitheoutfideog the carriage. They arg placed in an 
horizontal line perpendicular to, and paffing through^ the axis 
of the bore. 

Fig. 8. reprefents the barrel fixed to the carriage. 

a, b, r, is the bar of iron which for^s the carnagefeen 

edge-ways. 

a, % 4, 4, ^re the truMion^ by which it. was.iiaipetided. 

^]^, is the barrel rin its proper place^ 
j>, is the breech-piti^which paffiitgthrougha 
middleof thebar, ^, b,c, fiipforts the end, e, of the barrel ;an4 
w, IS the ring that fupports the end, 4 of the barrel. 
Vol. LXXL ^ K %^ 
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Fig. 9. rep refents a perpendicular fe£lion tlirough the line 
2 J 2 J fig. 8. and in a line perpendicular to tile length of the 
barrel. 

This figure is defignecl to fhew the manner in which the 
muzzle of the piece was Supported and confined in the ring f/^ 
fig. 8. 

a^ Cj are the two ends of the bar that are feeiicutoiE 

fly is the ring, and 

£?, p^ are the fcrews bj which it is faftened to the two parallel 
fides of the bar, the ends of which form the trunnions 2, % 
fig. 8. 

4 is a traiifverfe feftion of the barrel, and 

r^ J-, /j are the three fcrews by which the barrel is fupported' 
and confined in the center of the ringo 

Fig. I o. is the fame as fig. 9. but upon a larger Icale. 

Fig. I X. reprefents the two ends of one of the pendulous 
rods by which thebarrel was fuipended ; and fig> 13. Ihewsthe 
fame feen fideways* 

^, ^, is the rod which is feen broken ofE 

r, Jj are the pivots by which it was fufpended by a pair of 
hooks or grooves that were faftened to an horizontal beam, in 
the fame manner as the pendulum for meafuring the velocities 
of the bullets was fulpendedi 

ejfj are the hooks which receive the trunnions that are fixed 
to the carriage. 

The dimenfions of eveiy part of this apparatus may be leen 
in the table, p. 242. 

The chord of the are through which the barrelMfcended in. 

its recoil was meafured by a ribbon, and the lengths of thofe 

chords, expreffed in inches and dfeeiraal parts of an inch, are 

fet down in the tables. The method of computing the velo^ 

^ city 
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city of the recoil from the chord of the arc through which the 
barrel afcended, is too well known to require an explanation : 
and it is alfo well known, that the velocities are to each other 
s the chords of thofe arcs. The lengths of thofe chords 
therefore, as they are fet down in the tables, are, in all cafes 
as the velocities of the recojl. 

The powder made \ife of In thefe experiments %vas of the 
beft kind, fuch as is tifed in proving great guns at Woolwich* 
A cartridge, containing 12 lbs. of this powder, was given to 
me by the late General besaguliers of the Royal Artiilery^ 
and Infpeftor of Brafs and Iron Ordnance; who aifo, in the 
politefl manner, offered me every other affiftance in his power 
towards completing the experiments I had projeded, or in 
making any others 1 ifhould propofe that might be ufeful in the 
profecution of my inquiries. 

This powder was immediately taken out of the cartridge, 
and put into glafs bottles, which were previoufly made very 
clean and dry; and in thefe it was kept carefully fealed up till it 
was opened for ufe. When it was wanted for the experiments, 
it was weighed out in a very exaft balance, with fo much atten- 
tion, that there could not poffibly be an error in any inftance 
greater than one quarter p^rt of a grain. The bottles were 
never opened but in fine weather, and in a room that was free 
from damp, and no more charges of powder than were necef- 
fary for the experiments of the day were weighed out at a time. 
Each charge %vas carefully put up in a cartridge of very fine 
paper, and thefe filled cartridges were kept in a turned wooden 
box, that was varnifhed on the inMe as well as the outlide, to 
prevent its imbibing moiflure from the air. 

The paper of which thefe cartridges were made was ib fine 
and thin, that 1 280 iheets of it made no more than an inch in 

2 K 2 tMicknelsg 
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thicknefs, and a cartridge capable of coiitaimag Half am otitic^ 
of powder weighed but thr^e quarters of a grain •. 

The cartridges were formed upon a woodcB cylinder, and 
accuiately fitted to the bore of the pieee, and the edges of the 
paper were faftened top'ether with pafte made of flour and water* 

When a cartridge was filled, the powder was gently fliaken 
together, and its mouth was tied up and fecured with a piece of 
fine thread; and when it w^as made ufe of it was put intire into, 
the piece, and gently puflied down into its place with the ram- 
rod, and afterwards it was pricked with a priming- wire thruft 
through the vent, and the piece was primed ; fb that no part 
of the powder of the charge was loft in the a£l of loading, as 
is always the cafe when the powder is put loofe into the barrel : 
nor was any part of it expended in priming ; but the whole 
quantify was fafely lodged in the bottom of the bore or cham- 
ll^.^r of the piece, and the bullet w^as put down irnrnediately 
i5pon it, without any wadding either betweeB the ^^i^t^idge 
and the bullet, or over the bullet* 

The bullets were all caft in the fame mould, and coafe* 
quently could not vary in their weights above two or three 
grains at moft, efpecially as I took care to bring the mould to a 
proper temperature as toiheat before I began cafting ; and when 
leather was put about them, or other bullets thaii. thofe of lead 
were made ufe of^ the weight was determined very exa£lly befi3re 
they were put into the piece. 

The diameter of the bullet was determined by toeafurement 
tnd alfo by computation: from its weight, and the fpec fie gra- 
vity of the melal of which it was formed ;. and both thefe 
liiethods gave the lame dimenfiofis very nearly. 

The apparatus was put up for making the experiments in a 

^ach-houfe, which was found very can:^nient for the purpofe, 

3 as 



upon Gun-powder^ &c. . 241^ 

as the joifls Bpon which the floor over head was laid afforded a 
firm and commodious fupport for fufpending the pendulum and 
the barrel, and the walls and roofs of the building ferved to 
fcreen the apparatus, which otherwife might have been difcom- 
pofed by the wind, and injured by the rain' and dews., A pair 
of very large doors, which formed the whole of one end of 
the room, were kept conftantly open during the time the- 
experiments were making, in order to prefervp tiie purity of the 
air within the houfe,, which otherwife would have been, much 
injured by the fmoke of the gun-powder ; and that, in all pro- 
bability, would have had a confiderable effed in leffening the 
force of the powder, and vitiating the experiments. In order 
flill further to. guard againft this evil, the barrel was placed as 
near as poffible to the door,, and the pendulum was hung up at 
the bottom of the room. 

Fig. 12. reprelents the apparatus as it was put up for making; 
the experimenls. 

^,. ^, is the barrel with its carriage, fufpended by the pendu-'- 
lous rodsr,. ^ and . 

R, is the ribbon which ferved to meaHi re the afcending arc: 
of its reeoiL„ 

P, is the pendulum^ and 

ry the ribbon that meafured the arc of its vibration* 

The diftance from the mouth of the piece to the pendulu^^^^^ 
wasjufl: 12 feeto. 
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.A table fiewing the weights and dhnefijtons of all the prlncfpd 

parts of the apparatus. 

Of the barrel, 

Inchesr 

ILrcngth * « . « . 44r7 

Length of the bore from the muzzle to the breech-pin A3 AS 

>Diameter of the bore . >. . . 0378 

Thicknefs of metal at the lower vent « . o>36 

Thicknefs of metal at the muzzle • . 0,1 
Weight of the barrel, together with the folid breech-pin, and 
the vent-fcrews and vent-tube, 6 lbs. 6 oz. 

Of the gun carriage. 

Length ^ • • • M 28,4 

Diftance between the two pair of trunnions t 25,6 

Diameter of each trunnion . # ^, 0,25 

Weight 40 lbs. I4 0Z* 

Of the rods by which the carriage was fufpended. 

Length from the axis of fufpenfion, or center of the pivots, to 
the center of the trunnions of the gun carriage, 64 inches. 

Weight of each rod, i lb. 4 oz. 

Total weight of the barrel and its carriage, together with the 
allowance that was made for the weight of the rods by which 
it was fufpended, 48 lbs. 

N. B. This was its weight from experiment N^ 3. to experi- 
ment W 123. inclufive'. 

Of 
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Of the hilieU 

Diameter 0,75 of an mcb* 
Weight in lead 580 grains* 

Of tM pendulum. 



Inche 



^SU- 



TotaFlfength of tHe pendulum from tEe axis of fuipen- 
iion to the bottom of the circular plate . $g^^ 

©iameter of the circular plate to which the targets ^ere 
failened . .^ • • «., ^Si"^ 

Biftance between the' fhoulders of the pivots • ^ 3 

Diameter of ^ the pivots 

Weight of the iron part of the pendulum 47 lb. 4:0Z. 






^f the pendulum- wtth' the targeis fixed to /V,.. aitt was p>re^ 
for making the experiment B^ and numbered. 




HlM^^tWWoMiMtMH 



Pendulum N"^ i 



Total 

length 

to the 

ribbon. 



Inches. 



69,25 
69*5 



Diftance from the axis of 
fufpenfion. 



To the center 
of gravity. 



Inches, 



— ' " ■'■#' 



5454 

55^62 

546 



To the center 
of ofcillation. 



Inches. 



58^45 

59^15 
60,23 

59,18 



Total 

weight of 
iron and 
wood. . 



lbs. oz. 



57 o 

82 4 

100 12 

88 4 I 



N. B. The meafure is Englifli feet and inches, and the 
weight is avoirdupois. 

Having 
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tlaving now gone through the defcription of all the prin- 
cipal parts of the apparatus, I fhall proceed to give an ac- 
count of the experiments. And as it maj be fatisfaftory^ to 
the Society to fee the method of cpndu£tiiig thefe enquiries, as 
well as the reflilt of them^: I fliail lirfl: give a table of the expe* 
riments in the exad order in which they were made, together 
with my original remarks ; I fhall then make fuch general ob- 
ifefvations as may occur : and afterwards I fliall feleft, combine^ 
:and compare, them, in the manner which beft anlwers the dif* 
ferent purpofes to which lihall apply them* 
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'General table of the experhnenis. 
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tn the two firft experiments the harrei was fixed to a carriiige 
t^that has not been delcribed) which, together with the barrel 
and rods by whichit was iufpeaded^ weighed only 23!. 
Length of the bore of the piece 4395 inches. 
Weight of the bullet 580 grains. 
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This gun carriage being found to be too light, the other, 
delcribed, and reprelented fig. 8« was fubftituted in the room of 



it. 
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fig. 3. ) was made ufe of. 



In order to determine how much of the force of the powder 
was loft by windage and by the vent, oiled leather was faftened 
round the bullet, fo that it now accurately fitted the bore of 
the piece ; and in the five experiments, from. N^ ^^^^ to 'W 39. 
inclufive, the valve-vent was made ufe of. 

Weight of the bullet, together with the leather in which it 

was enveloped^ 603 grains* 
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Finding that the blaft of the powder always reached as £ir as 
the pendulum, when large charges were made ufe of, and fuf- 
pefting that this circumftance, together with the impulfe of 
the unfired grains^ might in a great meafure occafion the appa-* 
rent iTreguiarity in the velocities of the bullets ; to remedy 
thefe inconveniences, a large fheet of paper of a moderate 
thicknefs was ftretched upon a fquare frame of wood, and in- 
terpofedas a fcreen before the pendulum at the diftance of two 
'feet from the furftce of the target. 

Two reafens confpired to induce me to prefer this method of 
preventing the impulfe of the flame upon the pendulum to the 
obvious one of removing the pendulum further from the mouth 
dji the piece ; the firil: was, that I was unwilling to increafe the 
diftance between the barrel and the pendulum, left the reliftance 
^f the air mip'ht afFeifl the velocities of the bullets; and the 
lecond, which I confefs did not operate lefs ftrongly than the 
iirfl:, was, that tlie length of the houfe did not admit of a greater 

diftance* 
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dlftaiice,^ and I was iin willing to expofe aiiy part of the appa- 
ratus in the open aiir.. 

But the fcreen was fonnd to anf\vef per fe£lly well the pnr- 
pofe for which k was defigned, and it was continued during the 
remainder of the experiments^ the paper being replaced every 
third or fourth experiment. 

^he experiments continued. 
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bullet and wad 603 grs. In exp. 

s N° 32.nolefs than 40 large grs. 

of unfired powder were driven 

V. through the fcreen. 

f In thefe 6 experiments the 
bullets were leathered, 
and tlie powder was 
lighted by the valve- 
vent. 

[The pend. N*^ 2., ruined. 
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The bullets were now put naked into the piece, and the 
powder was hghtedby the fhort ¥ent-tube ('u,. fig. 3 ). and fome 
little improvement was made in the fteel edges between which 
the ribbons palled that ferued to mealure the afcending arcs of 
the pendulum and of the recoil,, by which means- the fridion^ 
was leflened, and t^he ribbon was prevented from twifting or 



entangling itfelf as it was drawn, out. 
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Tlie barrel with its carriage as before* 

The pendulum, N^ 3. and 

Leaden bullets, weighing 580 grains each.. 
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The following expenments N"" 78, 79, So, and 81. were 
made in hopes of being able to difcover a method of adding to 
the force of gim-powder. Twenty grains of the fubftances 
mentioned in the remarks upon each experiment were inti- 
mately mixed with the powder of the charge. In the experi- 
ment N° 82. a large wad of tow, well foaked in etherial fpirit 
of turpentine, was put into the piece immediately upon the 
bullet : and in the experiment W 83. a wad, foaked in alkoholy 
mzs put into the piece in like manner. 
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i'o grs. bcfl alkaliinerak- of tartar. 

20 grs. i^ihicps mineral. 
20 grs. fal a mm on. 
20 grs. fine bra is duR. 

rThe fcrev/s which held the hooks 
J, by v/hich the penduicun was luf- 
1 » penclctl gave way, and the pen- 
L dulura came d^own. 



In the nine following experiments, viz. from W 84. to N^ 
92. inclufive, the valve- vent was made ufe of^ and the bullets 
wei^ made to fit the bore of the piece very exaftly by means of 
oiled leather, which was fo firmly faftened about them that in 
each experiment it entered the target with the bullet. 

The bullet made ufe of in experiment N^ 85. v/as of wood. 

Thofe ufed in the experiments W 86. and N"" 87. were formed 
in the following manner ; a fmall bullet was caft of plaifter of 
Paris, which being thoroughly dried, and well heated at the 
fire, was fixed in the center of the mouM'that ferved for carting 
all the leaden bullets made ufe of in thefe experiments; and: 
melted lead being poured into this mouldy the cavity that fur- 
rounded the fmair plaifter bullet was intirely filled up, and a 
bullet was produced, which to the eye had every appearance of 
folidity, but was as much lighter than a folid leaden bullet of 



e 



2.yi Mr. Thompson's Experhnents 

the fame diameter as the plaifter bullet was lighter than a lead 
bullet of the fime fize. 

In the experiments N° 88. and N"" 89. folid leaden bullets 

were made ufe of. In the experiment N"" 90, two bullets were 
difcharged at once ; in the experiment N"" 9 x . three ; and in the 
experiment N"" 92. four were ufed. 

In each of thefe experiments a frefli fheet of paper was made 
life of as a fcreen to the pendulum^ in order that the velocities 
of the bullets might be meafured more accurately; and alfo, 
that the quantity of unfired powder might be eftimated with 
greater precifion. 
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In the i^mtn. following experiments the piece was fired with i 
powder only. 
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The fcreen was taken away. 

C The whole furface of the target was befpattered 
\ with unfired grains of powder* 

The pendulum was not obferved. 






In the following experiments N"" 100. and N° loi. the bul- 
lets were not put down into the bore, but were fupported by 
three wires, which being faftened to the end of the barrel pro- 
jeded beyond it, and confined the bullet in fuch a lituation that 
its center was in a line with the axis of the bore, and its hinder 
part was one-twentieth of an inch without or beyond the 
mouth of the piece. 

In experiment N° 102. the bullet was juft ftuck into the bar- 
rel in fuch a manner that near one-half of it was without the 
bore* 
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Remarks^ 



r In each of thefe experim. 
near Tcyth part of the fub~ 
ftance of rhe bullet was 
melted and blown away by 

».the impulfe of the flame. 



All that part of the bullet which lay towards the bore of 
the piece appeared to be quite flat from the lofs of fubftance it 
had fujftain^d ; and its furface was full of fmall indents, which 
probably were occaiioned by the unfired grains of powder that 
impinged againft it^ 
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upon Gun-powder^ &c^ 
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The following experiments were made with the pendulum 
^ 4» The reft of the apparatus as before. 
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9th day. 

About 40 grains of powder were i 
, driven through the fcreen. 



r About 40 imfired grs. of powder. . 
< Medium velocity 894. 
( 40 unfircd grains. 

f Double proof battle pow- 
1 der ; no unfirecl grains. 
Ditto, ditto. 

C Government powder ; bullet lea-< 
2 theredj weight 602 grains. 

^ /Bullet naked I very few 
I L unfired grains. 






Medium velocity 1444. 



1 

! 

J 

Double proof battle pov^der. 

Gov. pow. 

Medium velo- 
city 1764. 

y Medium velocity 1 75 1 , 



r* Medium velocity 1413. 



C No unfired grains 
I thro' the fcreen. 
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Without any bullet. 
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25^ Mr. Thompson's Experimenfs 

Of the method made ufe of for computing the velocities of tBe 

bullets. 

As the metliod of computing the Telocity of a b:iiltet froti^ 
the arc of the vibration of a peadulum into which it is fired is 
fo well known, I fhall not enlarge tipon it m tkm place, but 
fliall jhH give the theorems that have been propofed by different 
authors, and (hall refer thole who^ wiih to fee more on the fbb- 
je£t toMr. ROBiNs's New Principles, of Gunnery ;; to Profeflbr 
Buler's Obfervationsiipon Mr. kobxns's Book ;; and, laftly, to> 
Dr. HifT ton's Paper on the initial Velocities of Cannon Balls,, 
which is pubHfhed; in the Tranfadtions.. of the Society for the 
year 1778. 

If a denote the length from the axis of the pendulum to tfc 
ribbon which meafures the chord of the arc of its vibration ;;, 

gj the diflance of the center of gravity below the axis ;,. 
f the diftance of the center of ofcillation ;, 

h^ the diftance of the point flruck by the bullet; 

<?, the chord of the afcending arc of the pendulum |: 

P, the weight of the pendulum ;. 

b^ the weight of the bullet,, and; 

1?, the original velocity of the bullet;: 

'^^^ " >^TI+ ■:^ x^ — r^9 is a theorem, for finding: the velocit?: 
a bh f ^^^j^ a J 

upon Mr, robins's principles., 

%=:^ ^J^'^'''^'>^Sd^% is the theorem propofed" by Pro- 
feflbr ex?ler^, who has GorreSed: a fmall error in Mr, robins's^ 
method %, and 



c . f g f+h 
* Put the rational partr- X' ~ ^t^L— ~~ ^^ and"exprefs/m the thoiifandth 

gartS'Of a Rhyaland footj then the velocity with which the ball Urikes the pendu^ 

n IT 
km will be. zz — \/-^ Rhynland feet in a feeondo. 



upon Gun-powder J &c. %\j 

^ = ^^SyzegvJ X YT ^^ ^^** hut ton's theorem, which is 

fufficiently accurate, and flir more fimple and expeditious thaiv 
either of the precedhig. It is to be remembered, th^t g^ h^, 
and cr, may be expreffed in any meafure ; but/muft be Englifh 
feet, and v will be tiie velocity of the bullet in Enpiiih feet in 
a fecond. > 

The velocities of the bullets in moft of the foregoing expe« 
riments v^ere firft computed by euler's method, as I had not 
then feen. Dr. hut ton's paper ;: but in going over the calcula- 
tions a; fecond time, I made ufe of Dr. hutton's theorem. 
Botb thefe methods gave the fame velocity very nearly, but the 
Doctor's method is by much the eafieft in pra6lice. 

In thefe computations care was taken to make a proper allow- 
ance for the bullets that were lodged in the pendulum, and alfo^ 
for the velocity loft by the bullet in paffing through the fcreen. 

The corredions neceffary on account of the bullets lodged, im 
the pendulum were made in the following mantien. 
b was continually added to the value of P, 

■-—x^ .- • , to the value of r,, and' 



=^-p- X ^ *^ « « to the value of J> 

Of the /paces occiipted hy .the different charges cf powder. 

The heights of the charges of powder, or the lengths of 
the {paces which they occupied in the bore, were determined^ 
by meafurement ; and in order that this might be done with 
greater accuracy, inches and' tenths of inches were mai;ked: 
upon the ram -rod, and the charge was gently forced down till it 
occupied the fame fpace in each experiment,. 

The following table fliews the heights of the charges as they 
weue determined by meafurement,, and- alfo their heights com- 
puted^ 



z^d AlnraoMFsoN^ s Exferhnenfs 

puted from the diameter of the bore of the piece, and the fpe« 

cific gravity of the powder that was made ufc of. 

N. B. By an experlnieut 1 fiiall give an account of hereafter, 
I found the fpeclfic gravity of this powder fliaken well together 
to be to that of rain water as 0^937 is to I5O00* 



,.|VVeight,Hei.aht of the charge. 
ot the 



powder. 



Grs. 

104 

145 
165. 

208 

218 

290 

310 

416 

437l 
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rvleafu red. | Ca ni pu ted. 



Inches. 

1,9 
2,6 

3^9 



Inches. 
0,8957 
1^2490 

1,7914 
1,877s 
2,4980 
2,6700 
2,8422 
3^5^2:8 

3,7680 I 



In the experiment N"^ 30. the pow- 
der was put into a cartridge fo much 
fmaller than the bore of the piece, that 
the charge, inftead of occupying 1,45 
inches, extended 3^2 inches. By this 
difpofition of the powder, its a£tion 
upon the bullet appears to have been 
very much diminifhed* 



Of the effeM that the heat which pieces acquire in firing produces 

upon the force of po%vder. 

It is very probable, that the excefs of the velocity of the 
bullet in the fecond experiment over that of the firft was occa- 
lioned more by the heat the barrel had acquired in the firfl: 
experiment than by the pofition of the vent, or any other 
circumflance ; for I have fince found, upon repeated trials, that 
the force of any given charge of powder is Confiderably greater 
when it is fired in a piece that has been previoully heated by 
firing, or by any other means, than when the piece has not been 
heated. Every body that is acquainted with artillery knows, 
that the recoil of great guns is much more violent iafter the 
fecond or third difcharge than it is at firft ; and on ihip-board, 

.-e 
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where it Is neceffary to attend to the recoil of the guns, 111 
order to preveat very dangerous accidents that might be occa- 
fioned by itj the conftant praftice has been in our navy, and, I 
believe, on board the fnips of all other nations, to leffen the^ 
quantity of powder after the firfl four or five rounds : our 32 
pounders, for inftance, are commonly fired with 14 lbs., of 
powder at the beginning of an adion,. but the charge is very 
ibon reduced to 11 lbs. and afterwards to 9 lbs.»and the filled! 
cartridges are prepared accordingly- 

By the recoil it fhould feem, that the powder exerted a greater 
force alfo in the fourth experiment, being the fecond upon the 
fecond day, than it did upon the third, or the firft upon, that 
day's but the pendulum giving way, it was not poffible to com- 
pare the velocities of the bullets in the manner we did in the • 
two experiments mentioned above. 

This augmentation of the force of powder,, when it is fired; 
In a piece that is warm,, may be accounted for in the following 
manner. There is no fubftance we are acquainted v/iththat 
does not require to be heated before it will burn ; even gun- 
powder is not inflammable when It is cold. Great numbers of 
iparks or red-hot particles from the flint and fteel are frequently 
feen to light upon the priming of a mulket, without fetting 
fire to the powder, and grains of powder may be made to pafs 
through the flame of a candle without taking the fire; and 
what is flill more extraordinary,- if large grains of powder are 
let fall from the height of two or three feet upon a red-hot 
plate of Iron, laid at an angle of about 45'' with the plane, of 
the horizon, they will rebound intire without being burnt,, or 
in the leafl: altered, by the experiment.. In all. thefe cafes the 
fire is too feeble^ or the duration, of its aftion is not fufEciently^ 

lonfiT! 
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long to heat the powder to that degree which is^ neeeffary m 

order to its being rendered inflammable. 

Now as gun-powder, as well as all other bodies^ acquires 
heat bj degrees, and as fome fpace of time is tafcan up in this 
:as well as in all other operations, it follows, that po¥/der9- which 
has been warmed by being put into a piece made hot by repeated 
firing, is much nearer that ftate in which it will burn, or, I 
may jay, is more inflammable than powder which is cold; con- 
fequently," more of it will take fire in a given Hiort fpace of 
time, and its adion upon the bullet and upon the gun will of 
courfe be greater. 

The heat of the piece will alfo ferve to dry the air in the 
bore, and to clear the infide of the gun of the moifture that 
coUeds there when it has not been fired for forfie time, and 
thefe circumftances doubtlefs contribute fomething to the quick- 
iiefs of the inflammation of the powder, and confequently to 
its force. 

As it takQS a longer time to heat a large body than a fmall 
one, it follows, that meal-powder is more inflammable than 
that which is grained ; and the fmaller the particles are, the 
quicker they will take fire. The failors bruife the priming 
after they have put it to their guiis, as they find it very dilHr 
cult, without this precaution, to fire them ofl^ with a match : 
and if thofe who are fond of fpor ting would make ufe of a 
fimilar artifice, and prime their pieces with meal-powder, they 
would mifs fire lefs often, the fprings of the lock might be 
made more tender, and its fize confiderably reduced without 
any rifqucj, .and the violence of the blow of the flint and fleel 
in ftrikihg fir^ being leflened, the piece might be fired with 
greater precifion. 

3 Concluding 
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Concluding from the refult of the four experiments men- 
tioned above, as well as from the reafons jiift cited, that the 
temperature of the piece has a confiderable efFeft upon the force 
of the powder, I afterwards took care to bring the barrel to a 
proper degree of heat, by firing it once or oftener with powder 
each time I recommenced the experiments after the piece had 
been left to cooL 



Of the manner In which pieces acquire heat in firing, 

I. was much furprifed upon taking hold of the barrel imme^ 
diately after the experiment N^ 1 7* when it was fired with 330 
grains of powder without any bullet, to find it fo very hot that 
I could fcarcely bear it in my hand^ evidently much hotter than 
I had ever obferved it before, notwithftanding the fame charge 
of powder had been made ufe of in the two preceding experi- 
ments, and in both thefe experiments the piece was loaded 
with a bullet, which one would naturally imagine, by confining 
the flame, and prolonging the time of its adtion, would heat 
the barrel much more than when it was fired with powder 
alone, 

I was convinced that I could not be miftaken in the fa6l, for 
it had been my conftant praftice to take hold of the piece to 
wipe it out as foon as an experiment was finiflied, and I never 
before had found any inconvenience from the heat in holding it. 
But in order to put the matter beyond all doubt, after letting 
the barrel cool down to the proper temperature, 1 repeated the 
experiment twice with the lame charge of powder and a bullet ; 
and in both thefe trials (experiments N"" 18. and N"" 19.) the 
heat of the piece was evidently much lefs than what itnvas in 
the experiment above meritioned (N° 17.)* 

Vol, LXXI. 2 N I now 
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I now regretted exceedingly the lofs of a fmall pocket ther« 
mometer, which I had provided on purpofe to meafure tha 
heat of the barrel, but it was accidentally broken by a falL the 
day before 1 began my experiments; and being fo far from 
London, I had it not in my power to procure another : 1 was 
therefore obliged to content myielf with determining the heat 
of the piece as well as I could by the touch* 

Being much ftruck with this accidental difcovery of the great 
degree of heat that pieces acquire when they are fired with 
powder without any bullet, and being defirous of finding out 
whether it is a circumftance that obtains univerfally, I was 
very attentive to the heat of the barrel after each of the fuc- 
ceeding experiments ; and I conftantly found the heat fenfibly 
greater when the piece was fired with powder only, than when 
the fame charge was made to impel one or more bullets. 

Though the refult of thefe experiments was totally nnex*- 
peded, and even contrary to what I ihould have foretold if I 
had been alked an opinion upon the fubjeft previous to making 
them ; yet, after mature confideration, I am now convinced, 
that it is what ought to happen, and that it may be accounted 
for very well upon principles that are clearly admiflible. 

It is certain, that a very fmall part only of the heat that a 
piece of ordnance acquires in being fired is communicated to it 
by the flame of the powder ; for the time of its a6lIon is fo 
Ihort (not being, perhaps, in general longer than about -4 ^th 
or -x-l-o^hi part of a fecond) that if its heat, inftead of being 4 
times, as Mn robins fuppofes, was 40Q times hotter than red- 
hot iron, it could not fenfibly warm fo large a body of metal 
as goes to form, one of our large pieces of cannon. And be- 
fides, if the heat of the flame was fuflSciently intenfe to pro- 
duce fo great an effed in fo Ihort a time, it would certainly be 
4 fufficient 
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fufficient to buratip all inflammable bodies that it came near, 
and to melt the fhot that it furrounded and impelled, efpeciall j 
when they were fmaiij and were compofed of lead or any other 
fo ft metal; but, on the contrary, we frequently fee the iinefl 
paper come out of the mouth of a piece unhiflamed, after it 
has fiiftained the ailion of the fire through the whole length of 
the bore, and the fmalleft lead fliot is difcharged without being; 
melted. 

But it may be objeded here, that bullets are always found to 
be very hot if they are taken up immediately after they come 
out of a gun ; and that this circumftance is a proof of the inten- 
fity of the heat of the flame of powder, and of its great power 
of communicating heat to the denfeft bodies. But to this I 
anfwer, I have always obferved the fame thing of bullets dii^ 
charged from wind-giins and crofs-bows, efpecially when they 
have im^pinged againfl: any hard body, and are much flattened ; 
and bullets from mufl^ets are always found to be hotter in pro- 
portion to the hardnefs of the body agai nil which they are^ 
fired* If a mufket ball is fired into any very foft body, as (for 
inftance) into water, it will not be found to be fenfibly warmed ; 
but if it is fired againft a thick plate of iron, or any other body 
that it cannot penetrate, the bullet will be demoliflied by the 
blow, and the pieces of it that are difperfed about will be 
found to be in a ftate very little ihort of fufion, as I have often 
found by experience. It is not by the flame therefore that bul- 
lets are heated, but by percuffion. They may, indeed, receive 
Ibme fmail degree of warmth from the flame, and ftill more 
perhaps by friftion againft the fides of the bore, but it is in ftrik- 
ing againft hard bodies, and from the refiftance they meet with 
in penetrating thofe that are fofter, that they acquire by far 

a N % the 
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the greater part of the heat we find in them as footi as they 

come to be at reft, after haying been difcharged from a gun. 

There is another circumftance that may poffibly be brought 
as an objection to this opinion, and that is the running of the 
metal in brafs guns upon repeatedly firing them, by which 
means the vent is often fo far enlarged as to render the piece 
intirely ufelefs. But this, I think, proves nothing but that 
brafs is very eafily corroded, and deftroyed by the flame of 
gun-powder ; for it cannot be fuppofed, that in thefe cafes the 
metal is ever fairly melted. The vent of a mufket is very foon 
enlarged by firing, and after a long courfe of fervice it is found 
neceflary to ftop it up with a folid fcrew, through the center 
of which a new vent is made of the proper dimenfions. This 
operation is called bufliing, or rather bouching the piece ; but 
in all the better kind of fowling-pieces the vent is lined, or 
bouched, with gold, and they are found to ftand fire for any 
length of time without receiving the leaft injury. But every 
body knows that gold will run with a lefs heat than is required 
to melt iron : but gold is not corroded either by the fpirit of 
nitre, or the acid fpirit that is generated from fulphur, whereas 
iron is very eafily deftroyed by either ; and that I take to be 
the only reafon why a vent that is lined with gold is fo much 
more durable than one that is made in iron. But it feems, that 
iron is more durable than brafs; and perhaps fteel, or fome 
other cheap metal, may be found that will fupply the place 
of gold^ and by that means the great expence that attends^ 
bouching pieces with that precious metal may be fpared, and 
this improvement may be introduced into common ufe. 

This leads us to a very eafy and effectual remedy for that 
defecft fb long complained of in all kinds of brafs ordnaneej, 
the running of the vent ;, for if thefe pieces were bouched with 

iron J 



iron, there IS 110 doubt but they would ftaad fire as well as iron 
guns ; and if fleelj or any other metal, either fimple or com- 
pounded, fhoxxld upon trial be found to anfwer for that pur- 
pofe better than iron, it might be ufed inftead of it; and 
even if gold was made ufe of for lining the vent, I imagine it 
might be doneinfuch a manner as that the expence would not 
be Ytrj Gonfiderable, at the fame time that the thicknefs of the 
gold ihould be fufficient to withftand the force of the flame for 
a very great length of time. 

But to return to the heat acquired by guns In firing. It 
being pretty evident that it is not all communicated by the 
flame, there is but one other eaufe to which it can be attri- 
buted, and that is the motion and friftion of the interaal parts • 
of the metal among themfelves, occafioned by the fudden and! 
violent effort of the powder upon the infide of the bore, and: 
to this caufe I imagine the heat is principally if not almoft 
intirely owing. It is well known, that a very great degree of 
heat may be generated in: any hard and denfe body in a ffiort 
fpace of time by friftion, and in a ftill fhorter time by colli- 
fion. '' For if two denfe hard elaftic bodies be ftruck againfi: 
^' each other with great force and velocity, all the parts, of 
^^ fuch bodies will every moment be clofely comprefled, and! 
being rigid will re-aft with equal force. Hence a quick and^ 
powerful contradion and 'expanfion wiU'arife in every part,, 
refembling that fwift kind of vibrations obierved in ftretchedi 
ftrings ; how great thefe vibrations are may be /learnt froni; 
the inftance of a bell, when ftruck with a fingte blow, by 
^•' which the whole bulk, however vaft, will for a long time 
'^expand, and eontra6l itfelf in infinite ellipfes. And when: 
^.' the attrition above defcribed is produced, with what force and: 
^^ velbcity are all the particles of the rubbed body comprefled, , 
%: * ^^ fliaken,. 
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^' fliaken, and loofened to their very intimate fubftance^?'' And 
in proportion to the fwiftnefs of this vibrafclon, and the violence 
of the attrition and friftion, will be the heat that is produced. 

A piece of iron that v^ould fuftain the preffure of any weight, 
however large, without being warmed, may be made quite hot 
by the blow of a hammer; and even foft and un-elaflic bodies 
may be warmed by percuffion, provided the velocity with which 
their tparts are made to give way to the blow is flifliciently rapid. 
If a leaden bullet is laid upon an anvil^ or any other hard body^ 
and in that fituation it is flruck with a fmart blow of a ham- 
mer, it will be found to be much heated ; but the fame bullet in 
the fiime fituation may be much more flattened by prefllire, or 
by the ftroke of a very heavy body moving with a fmall velo- 
city, without being fenfibly warmed. 

To generate heat therefore the aftion of the powder upon the 
infide of the piece muft not only be fufficient toilrain the metal, 
and produce a motion in its parts, but this effed muft be ex- 
tremely rapid; and the heat will be much augmented, if the 
exertion of the force and the duration of its attion are mome;i- 
taneous ; for in tiiat cafe, the fibres of the metal (if 1 may ufe 
the expreffion) that are violently ftretched, will return with 
their full force and velocity, and the fwift vibratory motion and 
attrition before defcribed will be produced. 

The heat generated in a piece by firing is therefore as the 
force by which the jparticles of the metal are ftrained and com- 
prelTed, the fuddennefs with which this force is exerted, and the 
fliortnefs of the time of its aftion ; that is to fay, as the 
ftrength of the powder and the quantity of the charge, the 
quicknefs of its inflammation, and the velocity with which the 
generated fluid makes its efcape. 

'^ Vide sHAw-s trandatioa of boeehaave's Chemiflry, vol. L p. 249. 

Now 
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Now the effort of any given charge of pov/der upon the gun 
is very nearly the fame, whether it be fired with, a bullet or 
without; but the velocity with which the geiieiateci elaffic 
fluid makes its efcape, is much greater when the powder is 
£red alone, than when it is made to impel one or more bullets ; 
the heat ought therefore to be greater in the former oaie than 
in the latter, as I found by experiment. 

But to make this matter flill phuner, we will fuppofe any- 
given quantity of powder to be confined in a fpace that is jufl:' 
capable of containing it, and that in this fituation it is by any 
means fet on fire. Let us fuppofe this fpace to be the chamber 
of a piece of ordnance of any. kind, and that a bullet, or any 
other folid body, is lb firmly fixed in the bore immediately upon. 
the charge, that the whole effort of the powder fliall not be able 
to remove, it. As the powder goes on to be inflamed, and the- 
elaftic fluid is generated,, the prelllire upon the. infide of the 
chamber will be increafed, till at length all the pow- 
der being burnt, the flrain upon the metal will be at its 
greatelt- height, and in this fituation things will remain, the 
cohefion or elafticity of the particles of metal counterbalancing 
the preflure of the fluid. 

Under thefe circumflances vtry little heat w^ould be gene- ^ 
rated; for the continued effort of the elafllc fluid would ap- 
proach to the nature of the prefilire of a. weight; and that 
concufFion, vibration, andfridion, among the particles of the 
metal, which in the coUifion of elaflic bodies is the caufe of = 
the heat that is produced, would fcarcely takeeffe£t. 

But inflead of being firmly fixed in its place, let the bullet 
now be moveable, but let it give way with great difficulty, and " 
by flow degrees. In this cafe, the elaflic fluid will be gene- 
rated as before, and will exert its whole force upon the chamber 






268 Mr. THOMPSON'S Experiments 

of the piece; but as the bullet gives v/ay to the preCure^ and 
moves on in the bore, the fluid will expand itfelf and grow 
weaker^ and the particles of the metal will gradually return 
to their former fituations; but the velocity with which the 
metal reftores itfelf being but fmall/ the vibration that remains 
in the metal, after the elaftic fluid has made its efcape, will be 
very languid, as v/ill be the heat that is generated by it. 

But if, inftead of. giving way with fo much difficulty, the 
bullet is much lighter, fo as to afford but little refiftance to the 
elaftic fluid in making its efcape, or if the powder is fired with- 
out any bullet at ail ; then, there being little or nothing toop- 
pofe the flame in its paffage through the bore, it will expand 
itfelf with an amazing velocity^ and its adion upon the gun. 
will ceafe almoft in an inftant, the ftrained metal will reftore 
itfelf with a very rapid motion, and a iharp vibration will 
enfue, by which the piece will be much heated. 



Of the effe^ of ramming the powder in the chamber of the piece. 

The charge, conflfting of 2i8 grains of powder, being put 
fgently into the bore of the piece in a cartridge of very fine 
paper, without being rammed, the velocity of the bullets at a 
mean of the 40th, 41ft, 42d, and 47th experiments, was 
at the rate of 1225 feet in a fecond; but in the 68th, 69th, 
and 70th experiments, when the fame quantity of powder was 
rammed down with five or fix hard ftrokes of the ram- rod, the 
mean velocity was 1329 feet in a fecond. Now the total force 
or preflure exerted by the charge upon the bullet is as the fquare 

of its velocity, and 1329 is to 1225 as i?i776 is to i ; or 

nearly 
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nearly as 6 is to 5 ; and in that proportion was the forca of the 
given charge of powder increafed by being rammed. 

In the ^ rft experiment the powder was alfo rammed, but the 
vent, mftead of being at the bottom of the bore, was at 1,3, 
and the velocity of the biillet was vefy confiderably diminifhed, 
being only at the rate of 1080 feet in a fecond, inflead of 1276 
feet in a fecond, which was the mean velocity with this 
charge, and with the vent in this fit nation when the powder 
was rammed. See the experiments N"" 43, 44, 45, and 46. 

When^ inftead of ramming the powder, or preffingit gently 
together in the bore, it is put into a fpace largei' than it is 
capable of filling, the force of the charge is thereby vory fen- 
fibly leffened, as Mr* iloBiNs and others have found by repeated 
trials* In my joth experiment the charge^ confifting of no 
more than 165 grains of powder^ was made to occupy 3,3 
inches of the bore inftead df 1,45 inches^ which fpaCe it juft 
filled when it was gently pufhed into its place without being 
rammed ; the confequence was, the velocity of the bullet, 
inftead of being 1 100 feet in a fecond or upwards, was only at 
the rate of 914 feet in a fecond, and the recoil was leffened in 
proportion. 

And from hence we may draw this pradical inference^ that 
the powder, with which a piece of ordnance or a fife^arm is 
charged, ought always to be preffed together in the bore ; and 
if it is rammed to a certain degree^ the velocity of the bullet 
will be ftill farther increafed. It is well known, that the recoil 
of a muflcet is greater when its charge is rammed than when it 
is not; and there cannot be a ftronger proof that ramming 
increafes the force of the powder. 
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Of the relation of the velocities of bullet s to the charges of powder 

by which they are impelled. 

It appears by all the experiments that iiave hitherto been 
made npon the initial velocities of bullets, that when the 
weights and dimenfions of the bullets are the fame, and thej 
are difcharged from the fame piece by different quantities of 
powder, the velocities are in the fob- duplicate ratio of the 
w^eights of the charges very nearly. 

The following table will fhew how accurately this law ob- 
tained in the foregoing experiments. 

Velocities 

* _ 



Charges, Computed. Aclual. Difference. N*^ of exp. 

437I ^ 1764 1764 '-^ 3 

330 1533 1594 + 61 2 

310 i486 1459 ^ 27 I 

290 1436 3:436 o 7 

218 1232 i2i25 '^7 4 

208 1216 1256 +40 3 

165 1083 1087 + 4 z 

145 1 01 8 1040 4- 22 2 

104 860 757 - 103 z 

The computed velocities, as they are fet down in this table, 
were determined from the ratio of the fqiiare root of 43 7 1 (the 
weight in grains of the largeft charge of powder) to the 
mean velocity of the bullet with that charge and the vent at 
o ; viz. 1764 feet in a fecond, and the fquare root of the other 
charges exprefled in grains. And the aBual velocities are means 
of all experiments that were made under fimilar circumftances. 

5 The 
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The fourth column fliews the difference of the computed and 
aiElual velocities, or the number of feet in a fecond by which 
the a£tual velocity exceeds or falls fliort of the computed : and 
in the fifth column is fet down the number of experiments 
with each charge^ from the mean of which the actual velo« 
city was determined. 

The agreement of the computed and aftual velocities will 
appear more flriking, if we take the fum and difference of thofe 
velocities with all the charges except the firft : thus^ 

Sum of the velocitiesg — 1764. 



•^-^M 



Computed. AftuaL DifFerence* N° of exp* 

5^864 9^54 "^ l^ -3 

So that it appears, that the difference, or the adual velo- 
city, was fmaller than the computed by ™4t P^^'^ ^^^^7 ^^ ^ 
mean of 23 experiments. 

But as by far the greater number of the experiments were 
made with the following charges, viz. 290, 218, 20B, 165, 
and 145 grains of powder, let us take the fum and difference 
of the computed and aclual velocities of tliofe charges : thus. 



Sum of the velocities 

A 






r~ -^ — ■ ~*-^ 

Coinputed. A6tual. 


Difference. 


N» of exp. 


5985 6044 


^-S9 


18 



'Here the agreement of the theory with the experiments is io 
very remarkable, that we muff fuppofe it was in fome meafure 
accidental ; for the difference of the velocities in repeating the 
fame experiment is in general much greater than the difference 
of the computed and aftual velocities in this inffance; but, I 
think, we may fairly conclude, from the refult of all thefe 

^ \J 2 trials* 
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trials^ tliat the velocities of like mufke^ bullets^ wlten tliey^ are 
dlMiarged from the lame piece hy: diSerent cpantkies of the 
fame kind of powder^ are ¥ery ixetrlj m the foh-dtiplieate 
ratio of the weights of the chai^es^ Whether this Jaw wiil 
hold good when applied to cannon balls, aiiid bomb ihells of 
large dimeiifioos, I dare not at prefent take upon me to decide % 
but, for feveral reafons^ that might be mentioned, 1 am rather 
of opinion, that it will not; at leaft not with th^t degree af 
accuracy which obtaita^d in thefe experiments. 



Of the effeB of placing th 'dent in different parti of the charge,, 

There have been two opinions with relpeft to the manner m 
which gun-powder takes fire. Mr. robins fuppofes that the- 
progrefs of its inflammattion is fo extremely rapid, ^' that alt 
^' the powder of the charge is fired and concerted into an elaftic 
*'^ fluid, before the bullet, is fenfibly moved from its place ;'** 
while others have been of opinion, that the progrefs of the in- 
flammation is- much flower, and that the charge is feldom or 
never completely inilamecj before the bullet: ia out of the gun. 

The large quantities of powder that are frequently blown^ 
out of fire arms un-inflamed, feem' to favour the opinion of 
the advocates for the gradual firing ; but Mr, eqmns endea- 
vours to accouMt for that qircumftance upom diferent principles^: 
and fupports his opinion by fhewiag that every increafe of the 
charge within the limits^ of praaice produces a proportional 
ijiereafe of the velocity of the bullet, and that when the pow- 
der is confined by a great additional weight, by firing two or 
iBore bullets at a time inflead of one, the velocity is not fenfi- 
bly greater than it ought to be according to his theory. 

^^ If 
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If this were a queftion merely fpeculative. It might not be 
worth while to fpend much time in the difcuflion of it ; but as 
it is a matter upon the knowledge of which depends the deter- 
mination of many important points refpe£ling artillery, and 
from which many ufeful impro^rements may be derived, too 
much pains cannot be taken ta come at the truth. Till the 
manner in which powder takes fire^ and the velocity with which 
the inflammation is propagated, are known, nothing can with 
certainty be determined with refpe6: to the heft form for the 
chambers of pieces of ordnaneej or the mofi advantageous 
lituation fox tlie vent j nor can the force of pov/der, or the 
ftrength that is required in different parts of the gun, be afcer^ 
tained with any degree of preciiion^ 

As it would he eafy to determine the beft fituation for the 
vent from the velocity of the inftammation of powder being 
known, fo on the other hand I had hopes of being able to come 
at that velocity by determining the effe£t of placing the 
vent in different parts of the charge ; for which purpofe the 
foilawing experiments were made. 
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J[ iabk of experiments J Jhewing the effeB of placing the vent im 

diferent parts of the charge. 
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By the foregoing experiments it appears, firft, that the dif* 
ference in the force of any given charge of powder which 
arifes from the particular fitiiation of the vent is extremely 
tfoialL 

With 165 grains of powder, and the vent at 5, the velocity 
of the bullet at a mean of two experiments ft?/%, the 20th 
and 2 1 ft) was 1087 feet in a fecond ; and with the fame charge, 
and the vent at I532 inches, the velocity at a mean of the 
^sd| 2jd^ and 24th experiments^ was 1082 feet in a fecond | 

the 
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iHe difference, equal five feet in a feconcl, Is lefs than what 
occurred in a repetition of the fame experiment; 

With 218 grains of powder, and the vent at o, the velocity 
at a mean in the 40th, 4^^? 42d5. and. 47,th experiments, 
was at the rate of 1225 feet in a fccond ; and with the fame 
charge, and the vent at 1,35 the velocity was 1276' feet in a 
fecond at a mean of fourexperiments, 'viz. the 43d, 44th9 
45th3 and 46th. 

In the flrft fet of experiments, with 290^ grains of powder^. 

e velocities were,. 



Vent at o. 


Vent at I53, 


Vent at 2,6 


1414 


1476' 


1-502 


1455 


1520 


1450 


1 41 %. 


1483: 


I433'- 






1454., 


3)4281 


3)4479 


4)5839. 



Means 1427 ^491 ■ .1460^ 

See. the experiments from N"" 48. to N° 57. inclufive.. 

In the fecond fet the velocities were,. 



ent at 0. 


Veat at 2,6, 


1 41 9 


1438' 


146O' 


1423 ■ 


1462: 


1378. 


1436 





4)5777 3)4239' 

inn i/i. ii««- » I . ..ii . • 

Means;-- 1444 14^3; 

See the experiments from N° 109. to-N"* 115^ inclufive.. 
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And taking the means of all the velocities in both fets la 
ea^h |>0fition of the vent it will be, 

Vent at o. Vent at 1.3. Vent at 2,6. 

Mean velocity 1436 i^pj 143^ 

The mean recoils in thefe experiments were^ 

Vent at o. Vent at 1,3. Vent at 2,6* 

22,88 ^3,34 ^3,61 

In the experimenta w^ith J 10 grains of powder the velocities 
of the bullets were not determined with fufficient accuracy to 
be depended on ; but the recoilsj which were meafured with 
great nicety*, were as follows^ viz. 

Vent at o* Vent at i^J. Vetit at 256 

24,69 ^4i9S ^4,9 

Witfe J 30 grains of powder the mean velocities and recoils 

were-^ 

Vent at o. Vcntati^j* Vent zt 2^6. 

Velocities ^594 J 625 ^525 

Recoils ^6?o75 2634 25,3 

In the experiments with 437! grains (an ounce avoirdupois) 
©f powder the velocities and recoils were, 

Vent at o. Vent at 256. 

Velocity. Recoik Velocity. Recoil* 

^73^ 33» ■^7'37 3^^5 

^824 33,3 1757 33,a 

1728 ^s,^ 1789 32,9 



ttmmmttmmm'>i'>mmfmmmmmm. $mmK i0itmi»j»y mmMi 



3)5^9^ 3)99'9 3)5^53 3)98'^ 



«|MBMK»WM«w>M> anWitM it jH<I ' LH l^>lMailwr»tnitM|iW 



1764 3^,^ 1 75 1 32,866 

Secondlj, 
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Secondly, From the refuit of all thefe experiments it appears^; 

that the effect of placing the vent in different pofitions; with 
refpefl to the bottom of the chamber is- different^ in different 
charges ; thus, with 165 grains of powder the velocity of the 
bullet was rather diminillied by removing the vent from o, ot 
the bottom of the bore to I532 ; but with 218 grains of pow- 
der the velocity was a little increafed, as was alfo the recoil . 
With 290 grains of powder the velocity was greateft when the 
powder was lighted at the vent 1,3 which was near the middle 
of the charge, and rather greater when it was lighted at the 
top, or immediately behind the bullet, than when it was 
lighted at the bottom. And by the recoil it would feem, that 
the velocities of the bullets varied nearly in the fame manner 
when the charge confrfted of 310 grains of powder. 

With 330 grains of powder, both the velocity and the recoil 
were greater when the powder was lighted at the middle of 
the charge, than when it was lighted at the bottom ; but they 
wereleaft of all when it was lighted near the top. And when 
an ounce of powder was made ufe of for the charge, its force 
was greateft when it was lighted at the bottom. But the dif^ 
ference in the force exerted by the powder which arofe from the 
particular pofition of the vent was in all cafes fo inconiiderable 
(being, as I have before obferved, lefs than what frequently 
occurred in repeating the fame experiment) that no conclufion 
can be drawn from the experiments, except only this, that any 
given charge of powder exerts nearly the fame force, whatever 
is the poiition of the vent, 

• And hence the following praftical inference naturally occurs,. 
n)t%. that in the fDrmation of fire-arms no regard need be had to 
any luppoied advantages that gun-iiniths and others have hi- 
therto im.agined were to be derived from particular fituations for 
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the vent, fucb as dimiiiifliiog the recoil, increasing the force 
o£ the charge, &c, ; but the vent majbe indifferently in any 
part of the chamber where It v/ill befl anfwer upon other ac- 
counts : and there is little doubt but the fame thing will hold 
good in great guns, and ail kinds of heavy artillery* 

Aimoil: every workman who is at all curious in fire -arms has a 
particular fuicy with regard to the beft form for the bottom of 
the chamber, and the proper pofition of the vent. They in 
general agree, that the vent Ihould be as low or far back as 
pofiible, in order, as they pretend, to leHen the recoil ; but no 
two of them make it exaitly in the lame manner. Some make 
the bottom of the chamber flat, and bring the vent out even 
with the end of the breech-pin. Others make the vent flanting 
through the breech-pin, in fuch a manner as to enter the bore 
juft in its axis. Others again make the bottom of the chamber 
conical ; and there are thofe who make a little cyhndric cavity 
in the breech-pin, of about two-tenths of an inch in diameter, 
and near half an inch in length, coinciding with the axis of 
the bore, and bring out the vent even with the bottom of this 
little cavity. 

The objeftion to the firfl method is, the vent is apt to be 
flopped up by the foul matter that adheres to the piece after 
firing, and which is apt to accumulate, efpecially in damp wea- 
ther. The fame inconvenience in a ftill greater degree attends 
the other methods, with the addition of another, arifing from 
the increafed length of the vent ; for the vent being longer it 
is not only more liable to be obftrufted, but it takes a longer 
time for the flame to pafs through it into the chamber, in con- 
fequence of which the piece is flower in going off, or, as 
fportfmen terra it, is apt to hang fire. 

^ The 
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The form I would recommend for the botfom of the bore is 
that of a hemifphere ; and the vent Ihould be brought out di« 
reftly through the fide of the barrel , in a Hoe perpendicular to 
its axisj and pointing to the center of the hemispheric concavit j 
of the chamber. 

In this cafe the vent would be the fliortefl: poflible ; it would 
be the leaft liable to be obftrufted^ and the piece would be more 
eafiij cleaned, than if the bottom of the bore was of any- 
other form. All thefe advantages, and feveral others not lefs 
important, would be gained by making the bottom of the bore 
and vent of great guns in the fame manner. 

A new method of determining the velocities of bullets. 

From the equality of aSiion and re^aSiion it appears, that the 
momentum of a gun muft be precifely equal to the momentum 
of its charge; or that the weight of the gun, multiplied into 
the velocity of its recoil, is juft equal to the weight of the bul- 
let and of the powder (or the elaftic fluid that is generated from 
it) multiplied into their refpeaive velocities : for every particle 
of matter, whether folid or fluid, that iffues out of the mouth 
of a piece, muft be impelled by the aftion of fome power, 
which power muft re-adi with equal force againft the bottom of 

the bore. 

Even the fine invifible elaftic fluid that is generated from the 
powder in its inflammation cannot put itfelf in motion without 
re-ading againft the gun at the fame time. Thus we fee pieces, 
when they are fired with powder alone, recoil as well as whea 
their charges are made to impel a weight of fhot, though the 
recoil is not in the fame degree in both cafes. 

2 P 2 I^ 



280 Mr. Thompson's Experiments 

It is eafy to determine the velocity of the reccil in any given 
cafe, by fiifpending the gun In an horizontal polition by two 
pendulous rodsj and meafiiring the' arc of its afcent, by means, 
of a ribbon according to the method already defcribed^^ and this 
will give the momentum of the gun, its weight being known, 
.and confequently- the momentum of its charge. But in order 
to determine the. velocity of the bullet from the -recoil, it will 
be neceflary to find out hov/ much the weight and velocity of 
the elaftic. fluid contributes to it. " ^ ^ 

That part of the recoil which arifes from the expanfioli of 
this fluid is always very nearly the fame, whether the powder is 
fired alone, or whether the charge is made to impel one or more 
bullets, as I have found by a great variety of experiments. 

If therefore a gun, fufpended according to the method pre- 
fcribed, is fired with any given charge of powder, but without 
any bullet or wad, and the recoil is obferved, and if the fame 
piece is afterwards fired with the fame quantity of powder, and 
a bullet of a known weight, the excefs of the velocity of the 
recoil in the latter cafe, over that in the former, will be pro- 
portional to the velocity of the bullet; for the difference of 
thefe velocities, multiplied into the weight of the gun, will be 
equal to the weight of tho bullet multiplied into its velocity. 

Thus if W is put equal to the weight of the gun, 

U = the velocity of its recoil, when it is fired with 

any given charge of powder, without any bullet, 

V = the velocity of the recoil, when the fame 
charge is made to impel a bullet, 

B = the weight of thebullet^ and 

t? =r its velocity. 



It will be t; = 



_ V-UxW 



Let 
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Let VIS fee how this method of determining the velocities of 

biillets will anf/v^er ill pradice. 

In the 94th experiment the recoil, with 165 grains of pow- 
defj without a builetj was 5,5 inches, and in the 95th experi- 
ment, with the fame charge, the recoil was 5,6 inches. The 
mean is 5,55 inches 5 and the length of the rods by which the 
harrel was fufpended being 64 inches, the velocity of the recoil 
,(= U) anfwering to ^^^^ inches meafured upon the ribbon,/ is 
that of 1,1358 feet ma fecond* 

In five experiments, with the fame charge of powder, and at 
bullet weighing 580 grains, the recoil was as follows, viz. 

The aoth experiment 14.573 inchei> 
2iiT: - 14,2 

22d -■ 1 458.. 

23d - 14,58. 

24th, - 14,68 

5)23, (=1: 1 4v6 inches at a mean,. 

- W WiH.- m I ■■.M»»i III n il . im i<ll»W» 

And the velocity of the recoil ( = V) anfwering to the length 
is that of 2,9880 feet in a fecond : confequently V - U, or 
2,9880 - 1,1 358 is equal to 1,8522 feet in a fecond; 

But as the velocities of recoil are known to be as the chords 
of the arcs through which the barrel afcends, it is notmeceflary 
in order to determine the velocity of the bullet to compute the 

velocities V and U ; but the quantity V - U, . or the difference 
of the velocities of the recoil when the given charge is fired 
with and without a bullet, maybe computed from the value 
of the difference of the cliords, by one operation. Thus the 
velocity anfivering to the chord 9,05 is that of 1,8522 feet in 

a &coui% which is juft equal to V - U, as was before . found. 

Thf 



2^1 Mr. Thompson's Experiments 

The weight of the barrel, together with its carriage^ was 
4/1: pounds, to which three quarters of a pound is to be added 
on account of the weight of the rods bv which it was fuf- 
pended, which makes W rz 48 pounds, or 336,000 grains, 
and the weight of the bullet was 580 grains. B is therefore 
to W as 580 is to 336,000, that is, as i is to S79^3^ '^^^Y 

nearly ; and v ( = ■ "" - - ^ — is equal to V - U x syg^p* 



The value of V - U anfwering to the experiments before 
.mentioned was found to be 1,8522 ; confequently the velocity 
of the bullets (= v) was 1,8522 x 579,31 = 1073 feet in a fe- 
cond, which is extremely near 1083 feet in a fecond, the mean 
of the velocities, as they were determined by the pendulum. 

But the computation for determining the velocity of a bullet 
upon thefe principles may be rendered ftill more fimple and eafy 
in practice ; for the velocities of the recoil being as the chords 
.meafured upon the ribbon, if 

c is put equal to the chord of the recoil exprefled in 
Englifh inches, when the piece is fired with powder 
only, and 
C =: the chord wben a bullet is difcharged by the fame 
charge. 



v-axw 

— > 



then C - (7 will be as V - U ; and confequently as 

which meafures the velocity of the bullet, the ratio of W to B 
remaining the fame. 

If therefore we fuppofe a cafe in which C •- c is equal to one 
inch, and the velocity of the bullet is computed from that 
chord, the velocity in any other cafe, wherein C--^ is greater 
or lefs than one inch, wall be found by multiplying the dif- 
ference of the chords C and c by the velocity that anfwers to a 
difference of one inch* 

The 
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The length of the parallel rods by which the barrel was fuf- 
pended being 64 inches, the velocity of the recoiknfwering to 
C - err I inch meafured upon the r]bbon is 0,204655 parts. of a 
fci t: in a fecond ; and this is alio, in this cafe the value of 
V -U ; the velocity of the bullet is therefore v rr 0,204655 x; 
579^31 ::- 118,-15 feet in a fecond. 

Confequentiy the velocity of the bullet exprefled in feet per 
fecond iiaay in all cafes be found by multiplying the difference 
of the chords C, and c\ by 118,35, the weight of the barrel, the 
length of the rods by which it is fufpended, and the weight of 
the bullet remaining the lame, and this whatever the charge of 
powder may be that is made ufe of, and however it may differ 
in= jftrength or goodnefs. 

According to this rule the velocities of the bullets in the fol- 
lowing experiments have been computed from the recoil ; and! 
by comparing them %vith the velocities fhewn by the pendulum ^v 
we fhail be enabled to judge of the accuracy of this new me- 
thod of determining; the velocities of bullets. 

111 the 76th and 77,th experiinents, when the piece was fired 
with 145 grains of powder and a bullet, the recoil was 13525 
and 135X59 or 13,2 at a mean; and %vith the fame charge of 
powder, without a bullet, the recoil was 4:,5 and 4,3, or 4,4 
at a mean (fee the 84th and 93d experiments). C-^r is; 
therefore 13,2-454—8,8 inches, and the velocity of the bul- 
lets —8^8 x 118,35=: 1045 fe^t*in a fecond. The mean of 
the velocities as they were determined by the pendulum is- that: 
of 1 040 feet in a fecond. In the iD4th and 105th experiments > 
the recoil was 12,92 and 13,28^ and the velocity computed! 
from the mean of thofe chords is 103Q feet in a fecond ;: but 
the velocity fliewn by the pendulum was no more than about: 
900 feet in a fecond. As the recoil was. fo nearly equal tO) 
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what It was iuthe76tli and 77tli experiments before men tiond'^ 
when the velocities fhewn by the recoil and by the penduiura 
were almoil: exa3:ly the farne^ lam inclined to believe, that 
there mtifl: have been fome miftake in determining the velo-^ 
-cities by the pendulum in thefe iaft experiments, and that the 
velocity fhewn by the recoil is moft to be depended on. 

With 290 grains, or half the weight of the bullet in pow- 
der, in the 4Hth9 49th, and 50th experiments, the recoil was 
22,585 22,92, and 22,38 ; and the recoil, with the fame charge 
of powder, without a bullet, at a mean of the 60th and 
•99th experiments, was 10,66. The mean of the velocities 
of the bullets, computed from the recoil, is therefore 141 6 
feet in a fecond, and the velocity fliewn by the pendulum was 
1427 feet in a fecond : the difference is not confiderable,, The 
mean of the velocities in the 109th, xioth, iiith, and 
1 1 2th experiments is by the recoil 1464, and by the pendu- 
lum 1444 feet in a fecond. 

With 330 grains of powder the velocities of the bullets 
appear to have been as follows, viz. 

Ventatc- Vent at 1^.3.. Vental2j6« 

By the recoil 1543 1620 1610 

By the pendulum . 1 594 1625 1528 

See the 62d, 63d5 64th, 65th5 66th, 67111, and 17th 
experiments. 

The uniformity of the recoil was in all cafes very remarkable. 
Thus, in the firft fet of experiments with 290 grains of pow-^ 
^er (from the 48th to the 57th experiment xncluiive), the recoil 
was^. 
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Vent at 0, 


Vent at 1,3, 


Vent at 1,6. 


22,58 


23,21 


23,06 


22^92 


23,76 


2:5,26 


22,38 


23,06 


23,26 



— » I ■ » I ■ a ii ii M 



3)67,88 3)l^y^3 4)93'^4 



Means :::^ 22,626 ^3^343 ^^^^ ^3^'^^5 

If now we take a mean of the 60th and 99th experi- 
ments, and call the recoil, without a bullet,^ 10,66 as before^ 
the velocities will turn out, 

Vent at o. Vent at 1,3, Ventat2,6i. 

By the recoil - - 14I6 1501 1494 

And by the pendulum they were 1427 1493 ^494 

The difference is only . --11 +8 +34 

The recoil was equally regular in the 117th and five fuc-^ 
eeeding experiments, when the charge was no lefs than 43 7 1 grs. 
^ I ounce avoirdupois in powder ; and the velocities of the 
bullets determined frorti the recoil are Very nearly the farne a^ 
they were fhewn by the pendulum. Thus, in the 117th, 
1 1 8th, and ii9th experiments the mean recoil was 33,3; 
and in the 120th, 121ft and r22d experiments it was 
32,866. And if the recoil without a bullet is called 17,9, as 
it was determined by the 123d experiment, which was made 
i^mmediately after the experiments before mentionedj then will 
the velocities be^ 



Vol* LXXL ^ Q^ By 



2,86 Mr. Thompson's E:>cperiments 

Vent at o. Ventat2*6 

By tHe recoil - - 1822 1771 

And by the pendulum they were 1 764" 1 751 

The difFerence is only - +58 and +20 feet 

in a fecond, which is lefs than what, frequently occurs in re« 
peating the fame experiment. 

In the iith, i^th, ijth, and 14th experiments^ when the 
piece was fired with 310 grains of powder and a bullet^ the 
recoil was 24569, 24595, 24^9, and 24,9 : and in the I5th,^ 
36th, iSth, and 19th experimentss with 330 grains of pow- 
der, the recoil was 26,2, 26,2, 26,3, and 26,4. The reg'u- 
larity of thefe iiumbers is very flriking; and though we 
cannot compare the velocities of the bullets determined by the 
two methods as we have done in other cafes (as there are rea- 
fons to believe, that the velocities, as they are fet down in the 
tables, are not much to be depended on, and as the recoil, with 
the given; charge of 310 grains of powder without a bullet, is 
not known) yet the regularity of the recoil in thefe experi- 
ments affords good grounds to conclude, that the method of 
determining the velocities of bullets founded upon it muft be 
verv accurate. 

But of all the experiments thofe numbered ft\om 84 to 92 
inclufive afford the ftrongeft proof of the accuracy of this me- 
thod. In thofe every poffible precaution was taken to prevent 
errors arifmg from adventitious circumftances, and the weights 
of the bullets and their velocities were fo various, that the uni- 
form agreement of the two methods of determining the velo- 
cities in thofe trials amounts almoft to a demonftration of the 
truth of the principles upon which this new method is founded. 
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Bj the following table the refult of thefe experiments maj 
be {cen at one view. 
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7,16 
9,62 

ii>03 

15^22 

J5.13 
21,92 

27,18 

32^25 



2109 
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1288 

1240 

1224 

1017 

893 

812 
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1317 
1136 

2229 

1229 

978 

916 
833 



+ 346 
+ 113 
4-152 
4- II 
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*^ 39 

^ 23 

— 21 



The charge of powder confifted of 145 graliis in weight in 
each expefimentv 

In order to flieWj in a more ftflking manner/ the reijalt of 
thefe experiments, and the comparifon of the two methods of* 
afcertaining the velocities of bullets, I have drawl the fig. 16I 
where the numbers that are marked upon thelineAB are taken 
from A towards B, in proportion to the weights of the bullets ; 
while the lines drawn from thbfe numbers perpehdiculai' from 
AB (as w, v»f for iilftance, atthe number 2352) and eridingat 
the curve r, d, exprels their velocities, as fhewn bj the pendu- 
lum. The continuation of thofe lines on the oppofite fide of 
the line AB fhew the recoil, and alfo the velocities of the bul- 
lets as determined from it; thus w, r, and the (dotted) lines 

£ Q^a parallel 
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parallel to itj which end at the line g^ f^ exprels the recoil; 
and the portion of each of thofe lines that is comprehended be- 
tween the line AB and the curve n?^ n (as w, u) is as the velb- 
citj of the bullet in the feveral experiments. The line A, e^ 
denotes the weiglit of the charge of powder; and the line 
A, m^ the velocity with which the elaftic fluid efcapes out of 
the piece, when the powder is fired without any bullet. 

Upon an infpedion of this figure, as well as from an exami- 
nation of the foregoing table, it appears, that the velocities 
determined by the two methods agree with great nicety in all 
the experiments after the 87th; but in the 87th experiment^ 
and alfo In the 86th9 but particularly in the 85th, the dif- 
ference in the refult of thefe different methods is very confi- 
derable : and it Is remarkable, that in thofe experiments where 
theydifagree moft, the velocities of the bullets, as determined 
by the pendulum, are extremely irregular ; while, on the other 
hand, the gradual increafe of the recoil as the bullets Were 
heavier, and the great regularity of the cortefponding veloci- 
ties, afford good grounds to conclude, that this, difagreement is 
not owing to any inaccuracy in the new method of afcertaining 
the velocities, but to fome other caufe that remains to be in- 
yeftlgated. 

But before we proceed in this inquiry, let us feparate the five 
laft experiments in the foregoing table ; and, fumming up the 
velocities determined by the two methods, we fhall fee by their 
difference how thofe methods agreed upon the whole, in this 
inflance. 



IT* 

ii^xpe-* 



ufon Gun^powder^ See, 



289 



Veloc'ty. 



£xperiments. Weight of 

the bullets. 



»A-« 



Bv the 
recoil. 



88th 

89th 

90th 

91ft 

92d 



Grs. 
600 

1 184 

1754 

2352 



1 2 40 
1224 
1017 

893 

812 



By the 
pendulum* 



1229 

1229 

978 

916 



Difu 



icrence. 



hs 



4* T I 

- 5 
+ 39 

— 21 



Sams and dlffl of the velocities 5186 5-^^S + ^ 

Here the difference in the refult of the two methods does no| 
amount to -^-^-V-o-th part of the whole velocity ; but I lay no^ 
ftrefs upon this extraordinary argument, 1 am fenfible that it 
muft in fome degree have been accidental ; but as the difference 
JO the velocities, computed by thefe different methods, was in. 
110 inftance confiderable, not being in any cafe fo great as what 
frequently occurred in the moft careful repetition of the famq 
experiment, and as the velocities, as determined by the recoil,, 
were much more regular than tliofe fhewn by the pendulum, as 
appears by compaiing the curves gf f^ and m^^ n, (£g. 16.) 
with the crooked line r, J, I think we may fairly conclude, 
that this new method may with fafety be relied on in pra£tice. 

Thegreateft difference in the velocities, as afcertained by the 
two methods, appears, in the inftance of the 85th experiment,, 
where the velocity determined from the recoil exceeds that 
ihewn by the pendulum by 346 feet in a fecond, the former ve- 
locity being that of 2109 feet in a fecond, the latter only 1763, 
feet in a fecond ; and in the two fucceeding experiments, the 
velocities fhewn by the pendulum are likevv^ife deficient^ though 

BQt in fo great a degree*. 

rns 
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This apparent deficiencj remains now to be accounted for j 
and, firft, it cannot be fuppofed, that it arofe from any imper-* 
feftlon in Mr. eobins's method of determining the velocities of 
/bullets ; for that method is founded upon fuch principles as leave 
no room to doubt of its accuracy ; and the praftical errors that 
occur in making the experiments, and which cannot be intirely 
prevented, or exaftiy compenlated, are in general fo fmali, that 
the difference of the velocities in queftion cannot be attributed 
to them. It is true, the efFefl: of thofe errors is more likely 
to appear in experiments made under fuck, circumftances as 
thofe under which the experiments we are now Ipeaking of 
were made^ than in any other cafe; for the bullets being very 
light, the arc of the afcent of the pendulum was but fmall^ 
and a fraall miftafce in meafuring the chord upon the ribbon 
would have produced a very confiderable error in computing the 
velocity of the bullet : thus, a difference of one tenth of an 
inch^ more or lefs^ upon the ribbon in the 85th experiment^ 
would have made a difference in the velocity of more than 120 
feet in a lecondi But independent of the pains that were 
taken to prevent miftakes, the flirikinp; apteement of the ve* 
locities determined by the two methods in the experiments 
which immediately follow, as alio in all other caies where they 
could be compared, affords abundant reaibn to conclude, thaf 
the errors ariting from thofe c^ufes were in no inftance very 
coniiderablev 

But if both methods of afcertainlng; the velocities of bullets 
are to be relied on, then the difference of the velocities, as de- 
termined by them in thefe experiments, can only be accounted 
for by fuppofing that it arofe from their having been diminifhed 
by the refiftance of the air in the paffage of the bullets from 
the mouth of the piece to the pendulum ; and this fufpiciori 

will 
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will be mtich ftrengtliened when we confider how great the 
refinance is that the airoppofes to bodiesthat move very fwiftljr 
in it) and that the bullets in thefe experiments were not only 
prqje£led with great velocities, but were ' ^Ifb very light, and 
confequently more liable to be retarded by the refiftanee on, that 
account* 

To put the matter beyond all doubt, let us fee what the re- 
fiftance Was that th(?fe bullets met with, and how much their 
velocities were diminiflied by it. The Weight o£ the bullet (in^ 
the 85th eKperiment) was 90 grains ; its diameter was 0,78 of 
an inch, and it was projedled with a vekcityof 2109 feet in a 

fecond. 

If now a computation be made according to the method laid 
down by Sir isaac newton for eompreffed fluids, it will be 
found, that the refiftance to this bullet w^as not lefs than 8 f 
lbs. avoirdupois, which is fomething more than 660 times its 
weight. But Mr. robins has fhewn, by experiment, that 
the refiflance of the air to bodies moving in it with very great 
velocity is near three times greater than Sir isaac has 
determined it, and as the velocity with which this bullet was 
impelled is cotifiderably greater than any in Mr. robins's expe« 
riments, it is highly probable, that the refiflance in this in« 
ftaBce was at leaft ioob times greater than the weight of the- 

bullet. 

The diftance from the mouth of the piece tothe pendulum^, 
as we have before obferved, was 1 2 feet ;. but, as there is rea- 
fon to think, that the blaft of the powder, which- always fol- 
lows the bullet, continues to a6t upon it for fome fenfible fpace 
of time after it is out of the bore, and by urging it on coun* 
ter-baiances, or at leaft counter-afts in a great meafure the 
refiftance of the air^ we will fuppofe, that the refiftance does 
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not bepin, or rather that the motion of the bullet does not 
hegiil to bs retarded, till it has got to the diftance of two feet 
from the niiixzie. The dlftance, therefore, between the barrel 
and the pendulum, inftead of 12 feet^ is to be eftimated at 10 
feet ; and as the bullet took up about ^^.^ part of a fecond in 
running over that fpace, it muil: in that time have loft a velo- 
city of about '^'^^ feet in a fecond, as will appear upon making 
the computation, and this will very exactly account for the 
apparent diminution of the velocity in the experiment ; for the 
difference of the velocities, as determined by the recoil and by 
the pendulum, ^ 2109 - 1763^^346 feet in a fecond, Is ex- 
tremely near 335 feet in a fecond, the diminution of the velo- 
city by the refiftance as here determined. 

If the diminution of the velocities of the bullets In the two 
fubfequent experiments be computed In like manner, k will 
turn out in the 86th experiment =: 65 feet in a fecond, and in 
the 87th experiment = 33 feet in a fecond; and making thefe 
corredions, the comparifon of the two methods of afcertaining 
the velocities will ftand thus : 

85th exp. 86th exp* 87th exp* 

Velocities fhewn by the pendulum, 1763 13 17 1136 

Add the diminution of the velocity"] .^ 

'V 335 ^5 33 

by the refiftance of the air, j 

<Wiiii n i » ni i 11 " '*' 9lhmmtmmmmtmm<iii»mmmm mimmmmmmmiimvmmmm 

2G98 1382 1 169 
Velocity by the recoil, 2109 1430 1288 

iiiiiiii ll ii*! II !■ I . HI tItHmmMmmmamm M m i ni i mm in I |- Miiuiijii . 

The difference - + 1 X + 4^ +119 

So that it appears, notwithftanding thefe correftions, that 
the velocities in the 86th and 87th experiments, and particu- 
larly in the laft, as they were determined by the pendulum, are 

Mi 
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ffill confiderably deficient. But the maiiifeft irregularity of the 
velocities in thofe inftances affords abundant reafon to conclude, 
that it muft have arifen from fome extraordinary accidental 
caufe, and therefore, that little dependance is to be put upon 
the refult of thofe experiments. I cannot take upon me to 
determine pofitively what the caufe was which produced this 
irregularity; but I flrongly fufpeft^ that it arofe from the 
breaking of the bullets in the barrel by the force of the explo- 
fion : for thefe bullets, as has already been mentioned, were 
formed of lead, inclofing leffer bullets of plafter of Paris ; 
and I well remember to have obferved at the time feveral fmall 
fragments of the plafter which had fallen down by the fide of 
the pendulum. Iconfefs, I did not then pay much attention to 
this circumftance, as I naturally concluded, that it arofe from 
the breaking of the bullet in penetrating the target of the pen- 
dulum, and that the finall pieces of plafter I faw upon the 
ground had fallen out of the hole by which the bullet entered. 
But if the bullets were not abfolutely broken in pieces in firing, 
yet, if they were confiderably bruifedj and the plafter or a part 
of it were feparated from the lead, fuch a change in their form 
might produce a great increafe of the refiftance, and even their 
initial velocities might be affefted by it, for their form being 
changed from that of a globe to fome other figure, they might 
not fit the bore, and a part of the force of the charge might 
be loft by the windage. 

That this adually happened in the 87th experiment feems 
very probable, as the velocity with which the bullet was pro- 
jedled, as it was determined by the recoil, is confiderably lefs 
in proportion in that experiment than in either of thofe that 
precede it in that fet, or in thofe which follow it, as will ap- 
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■pear iip^ii- mfpetling the curvature of the Fffie ffi^\n^ ^g. itl^ 
But I forbear toinfiit further upon this matter^: . 

As- 1' have- made an aiioTraace for the refiftaiice of"the-aif-iii~, 
llicfec^xperimeiits^ it maj be expe8:ec!^ that! iliouM do it\i!i''ail 
otlier- cafes ;- but, ^f;-' tliirik, it -will appear upon enquiry,, that 
the diminution of- the velocities of tho-bniiets-on that account- 
was in-g;eneral fo-tineonfiderahle ■ tliat.- it ■ might- £ifely ■ be ' u-eg--« 
ie£ted :■ tiiusv forinftance,., iti^the experiments 'wit k^- an: oimcc: 
.of -powder, when the velocity of the bullet- was • more tharr- 
i-*7-50 -feet ii-i a fecond, the diminution turns out no more than : 
about 25 or-^-jQ- feet in -a^- feco-nd,: thougK we foppofe- the- fulF- 
r-efiftaoce to^have begun- fo nearas two feet "from-the mouth^of 
the piece; and- in-all -cafes where th-e -velocities- wero^ iefs,- the-- 
efFe£t- of the--- re-fiftance- was'^ lefs in a'--mucli - greate r- •proportion- : ■: 
and ^evenin^- this inftances there isteafonto think, that the di-- 
mlnutioii of the velocity as- we have determined it is too great ;'; 
for the flame of-gun-powder--ex-pands with fuch-\an--aoia?.ing - 
rapidity^ that it is-^-feareely to, be foppofed^^'but--^ that"- it-- follows 
tlie-buii^t,^ and'-continues to aftttpon it more than^two- feet, or-^ 
even four feet^.. from the gun,' and '^^ when -^ the velocity of the- 
b-ullet: is lefs, "its action -upon ■ it_:4lluA^^b€_JeIuSble.. at..:a -ftill--;. 
greater ■diflance.' ■ \ - - , 

With 2-18 grains of powder the ■ recoir''appears to have'B'een- 
very^ uniform;- but if the velocities- "of the bullets are deter- 
mined from the recoil in the^4ot,il and {men- foUdwing -experi-^ 
ments, when this charge was m.ade 'ufe, -of, . and from the recoil 
without a bullet in the 7 2d and 73d experiments, the velocities 
will turn out confiderably too fmall^ .as we iliall fee by making 
the computation.- 
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Ventaro* *Vent at 153* 

. f 40th exp. was. 1 8, • and-in the 43H exp;^it was r 8,3" 

"■■'the re- ^'41^ -;- '"^7^7^ " 44th ■- 18,35 
■^-coilinthe 42d; - '..17,91 - 45th -- ^^^^S 

^^47th. , - 8,1 •- - .46th. • ■«.. 18,55 

4)71,72 ■4)73'55 

Means ::= ^7^93 '^^ ..1-8534 

And-: 111 -the ■72d aiid'73d .experiments the.'reebilj with the 
■fame .charge .without a biiUet, .was - 85^72, and. 8^47 ~ S^jpj- at 
-a •medium., 'the^v.elocitie$ therefare-.tiirn.. out, ' 

Yent at o. ' Venf at'i,^. ' 

My the recoil 1 105 - 1 153 

Inflead of -12 2-5 and -1276 as' they, were 'fliewn^by:. the pend, 

, mm I i i mm«mm ». ii II. .WI III.IM I Wimiiii. iiiii. ii i-'"n w ■imiii..ii iiii«i 

The difference 120 and 123 feet in a fecond amounts to near 
one twelfth part of the whole velocitj. 

This diHetence Is undoubtedly owing to "the recoil without a 

bullet being taken too great; for it is not only greater than it 

ought to be, in order th^t the Telocities of the bullets may 

come out right; but it is confiderabiy greater in proportion 

i^than the reeoil' with *any other chai-ge* 

Thus, with 1 45 grains of powder the recoil was 4,4 
with 165 grains - - It was S-^SS 

.290 grains - - - 10,66 

■..;J30 grains ■■- . • •^- ■■-■ 0,7 

.and with 437! grains - - - it was 17,9 

And if the recoil with 218 grains is determined from thefe 
numbers by interpolation, it comes out ^-yrS'l and with that 
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value for C the velocities of the bullets in the before men* 
tioned experiments appear to be. 

Vent at 0» Vent at i^$. 

1243 and 1283 by the recoil 
which is extremely near 1225 and 1276 the velocities 
fhewn by the pendulum. 

It is to be rememberedj that the jad and 73d experiments, from 
which we before determined the recoil with the given charge 
of powder without a bullet, were not made upon the fame day 
with the experiments before mentioned ; and it is well known, 
that the force of powder is different upon different days. And 
it is worthy of remark, that in thofe two experiments the 
ftrength of government powder appeared to be confiderably the 
greateft. ' I mention thefe circumftances to fhew the probability 
there is, that the recoil in thofe experiments, from fome un- 
known caufe, was "greater than it ought to have been, or ra^ 
ther than it would have been, had the experiments been made 
at the fame time when the experiments with the bullets were 
made ; or at any other time under the fame circumftances. 

As this method of determining the velocities of the bullets 
did not occur to me till after I had finifhed the courfe of my 
experiments, and had taken down my apparatus, I have not 
had an opportunity of afcertaining the recoil, with and with- 
out a bullet, with that degree of precifion that I could wifh. 
If I had thought of it fooner, or if I had recoUeQied that paf^ 
fage in Mr. eobins's new Principles of Gunnery, where he 
fays, ** The part of the recoil, arifing from the expanfion of 
^' the powder alone, Is found to be no greater when it impels 
♦* a leaden bullet before it, than when the fame quantity is fired 
*^ without any wad to confine it :" I fay, if that paflage had 

occurred 
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occurred to ine before it had been too late, I certainly fliould 
have taken fome pains to have afcertaifiied the fa£t ; but as it is, 
I think, enough has been done to fhew, that there is the 
greateft probability that the velocities of bullets may in all 
cafes be determined by the recoil with great accuracy; and I 
hope foon to have it in my power to put the matter out of all 
doubt, and to verify this new method by a courfe of conclu- 
five experiments which I am preparing for that purpofe. 

In the mean time I would juft obferve, that if this me- 
thod fhould be found to anfwer, when applied to mufket bul- 
lets, it cannot fail to anfwer equally well when it is applied to 
cannon balls and bomb ihells of the largeft dimenfions; and it 
is apprehended, that it will be much preferable to any method 
hitherto made public ; not only as it may be applied Indif- 
ferently to all kinds of military proje<ftiles, and' that wit|i very 
little trouble or expence in making the experiment ; but alio 
becaufe by it the velocities with which bullets are aMually pro-* 
je£fed are determined ; whereas by the pendulum their velocities 
can only be afcertained at fpme diftance from the gun, and 
after they have loft a part of their initial velocities by the refift- 
iance of the air through which they are obliged to pafs to arrive 
at the pendulum. 

'At the trifling expence of ten or fifteen pounds an apparatus 
might be conftrufted that would anfwer for making the experi-- 
ments with all the different kinds of ordnance in the Britiih 
fervice. The advantages that might be derived from fuch a 
fet of experiments are too obvious to require being mentioned. 
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All th^' epro'uvetiesj,, or. powder-triers,-- in' common 'life are de- 

fecliveJii manyrefpecis.,^ .'Neither the abfolute force. o£ gun- 
powder can "be' determined by means- oF them^^^ nor the-compa- 

tati^e force of different kinds of it. but under circiimftances 

'" ' ■ ■ „ ■ ' , ■••,,■■..- 

very/^differeiit from" thole j.n. .which -the'' powder ■is madejife of 
in fervke. 

As the force' of powder ,arifes from the-'-a£lIon .of, anrelaftlc 
■■ fliiid-thaf is generated from it in" its inflammation, ■- the ^quicker' 
the'charge' takes fire,,"' the more' of tlxis fluid, will be. .generated 
ill any given fliort'fpace of timcj and the. greater of courfe will 
be its effeft upon the bullet. But in the common method of 
proving gun-powder, the weighf by which the powcler is con-- 
fined is fo great in proportion to the quantity of the dharge^; 
that there is time quite fufficient - for the charge to be all in- 
flamedj even when the powder is> of the flowefl: compofition, 
before the body to be put, in motion can be fenlibly removed 
from its place; "The experiment^ therefore, may £hew which 
of two kinds of powder is the ftrongefl^wlien equal quantities 
of both are confined in equal fpaces, and completely, inflamed j 
but the degree of the inflammability, which is a property eflen- 
tial to the goddnefs of the powdcCj cannot by thefe. means be 
afcertained. 

'Hence it appears, how powder may aniwer to the proofs 
fuch as is commonly required, and may neverthelefs turn out 
very indifferent when it comes to be tifed in fervlce. And this, 
I believe, frequently happens ; at leaft I know complaints 
from officers of the badnefs of our powder are very common ; 
and I would fuppofe that no i powder is ever received by the 
6 Board 



upon Gun-powder^^ &c, '299 

Board' of Ordnance '" but fiich as ' lias gone .throngii .tlie efia« 
blifhed examination, and has. arifwered to the ufual tefl of its 

being of the ftandard:degree offtrength.-^ 

But though the common powder triers may Ihew powder 
to. be better than- It really is,.^, they never ^ can. ..make it 'appear to . 
te'worfo than>it-is;" it will therefore always he the. in tereft of 
thoie-'who. Jiianufaftiire- that commodity to adhere;.to- the old ■ 
method ''of^' proving it. But the pnrchafer- will find his :accoiint : 
in having it examinedin a method by which its goodaefs may 
be afcertained with greater precifiom ■; „ 

The method I would recommend is as follows. A quantity 
of powder being provided, whichV from any previous exami- - 
nation or trial, is known to be of a proper degree of fttengthto^ 
ferve as a fcandard for the proof of other powder, a given charge 
of it is to be fired, with a fit bullet, in a barrelfufpended by 
two pendulous rods,- according to the method before defcribed, 
and the recoil is to be carefully meafured.uppn the ribbon*-, ' .And 
this experiment being repeated three ■ or four times,;-'or,oftenerif 
there is any dilierence. in the recoil, .the ■ mean and the extremes:-. 
of- the chords -may be marked \ippn ^th^ ribbon by black' lines.. ^ 
drawn acrofs.it, ■' and' the -word "proof'' mzjhQ written upon the 
middle line ; -or if the recoil is -ainiform -(which it will be'' to a : 
fufficientttegree of 'accuracy, Jf; care is taken to make the ex*- 
periments 'under the fame circumftances)^'then the proof mark' 
is to. be made in that-parr-of the ribbon to which it was .con- ■' 
ffently 'drawn out by the recoil in the different trials.'. 

The recoil, -with a known charge of 'ftandard powder, .being-'; 

thus afcertained'^ and '^ marked:' nppn ■■ the- -ribbon, . let ;; an equal .■; 

.quantity -of -any other powder '•(that is to,. be proved) be fired.'. hx>i 

the fame' barrel, with a bullet, of - the -lame"weight,'"and evciy 

^Mqm circumftance alike, .and if, the ribbon is , drawn out as . 

far 
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far or farther tliaii the proof mark, tlie powder Is m good or 
better than the ftandard } but if it falls Ihort of that diftaiice, 
it is worfe than the Handard, and is to be rejected. 

For the greater the velocity is with which the bullet Is im» 
pelled, the greater will be the recoil ; and when the recoil is 
the fame, the velocities of the bullets are equal, and the pow- 
der is of the fame degree of ftrength, if the quantity of the 
charge is the fame. And if care is taken in proportioning the 
charge to the weight of the bullet, to come as near as poflible 
to the medium proportion that obtains in pradice, the deter- 
mination of the goodnefs of gun-powder from the refult of 
this experiment cannot fail to hold good in a£lual fervice. 

Fig* 14. reprefents the propofed apparatus, drawn to a fcale 
of one foot to the Inch. ^, I, Is the barrel fufpended by the 
pendulous rods c^ d; and r is the ribbon for meafuring the 
recoiL 

The length of the bore Is 30 Inches, and its diameter is one 
inch, confequently it is jufl 30 calibres in length, and will 
carry a leaden Bullet of about 3 ounces. 

The barrel may be made of gun metal, or of cafi iron as 
that is a cheaper commodity ; but great care muft be taken in 
boring it, to make the cylinder perfectly ftralt and fmooth, as 
well as to preferve the proper dimenfions. Of whatever metal 
the barrel is made, it ought to weigh at leaft 50 lbs. In order 
that the velocity of the recoil may not be too great ; and the 
-rods by which it is fufpended Ihould be five feet in length. The 
vent may be about one twentieth of an inch in diameter ; and it 
fhould be huchedot lined with gold, in^ the fame manner as the 
touch-hole is made in the better kind of fowling pieces, in 
order that its dimenlions may not be increafed by repeated 
firing. 

1" The 
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The bullets Hiould be made to fit the bore with very little 
wmdage ; and it would be better if they were all caft in the 
lame mould, and of the fame parcel of lead, as in that cafe 
their weights and dunenfions would be more accurately the 
fame, and the experiments would of courfe be more conclufive. 
, The ftated charge of powder may be half an ounce, and it 
fliould always be put up in a cartridge of very fine paper ; and 
after the piece is loaded it fliouId be primed with other powder, 
firfi: taking care to prick the cartridge by thrufting a priming 
wire down the vent* 

As it appears, from feveral experiments made oh purpofe to 
rfcertab the faft, .hat ramming the powdet more or lefs has a 
Very fenfibie effecft to increafe or diminifh the force of tha 
charge ; to prevent any inaccuracies that might arife from that 
icaufe, a ram-rod, fuch as is reprefented fig. 15. may be made 
life of. It is to be made of a cylindric piece of wood in the 
fame manner as ram- rods in general are made, but with the 
addition of a ring C,^ about one inch and a half, or two inches 
in diameter, which, being placed at a proper diftance from the 
^nd (a) of the ram-rod that goes up into the bore, will prevent 
its being thruft up too far. This ring may be made of wood^ 
or of any kind of metal as Ihall be found moft convenient. 
The other end of the ram-rod (3) may be 31 or 32 inches in 
length from the ring, and the extremity of it being covered 
with a proper fubftance, it may be made ufe of for wiping out 
the barrel after each experiment. 

The machine (/) for the tape to Aide throughi may be the 
Came as is defcribed by Dr. HtTTTON in his account of his expe- 
riments on the initial velocities of cannon balls ; as his me- 
thod is much better calculated to anfwer the purpofe than that 
propofed and made ufe of by Mr. robins. It will alfo be 
Vol. LXXI. S f better 
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better for the axis of the pendulous rods to reft upon level 
pieces of wood or iron , than for them to move in circular 
grooves : only care mufi: be taken to confine them by ftaples or 
fome other contrivance, to prevent their flipping out of their 
places- 

The trunnions, by means of which the barrel is connefted 
with the pendulous rods, and upon which it is fupported^ 
jttiould be as fmall as poffible, in order to leilen the fri£tion ;. 
and for the fame reafon they fhould be well poliihed,^ as well as 
the grooves that receive them.. They need not be call: upon the 
barrel, but may be fcrewed into it after it is finiHied. 

In making the experiments, regard muft be had to the heat 
of the barrel, as well as to the temperature of the atmofphere i 
for heat and cold, drynefs and moifture,. have a very fenfible 
€j8e£^ upon gun-powder to increafe or diminifli its force. If 
therefore a very great degree of accuracy is at any time re- 
quired, it will be beil to begin by firing the piece two or three 
times merely to warm it ;, after which three or four experi- 
ments may be made with ftandard powder, to determine anew 
the proof mark (for the ftrength of the fame powder is dif- 
ferent upon different days) ;, and when this is done, the experi- 
ments with the powder that is to be proved- are to be made,, 
taking care to preferve 'the fame interval of time, between the. 
firings, that the iieat of the piece may be the fame in each 
trial. 

If all thefe precautions are taken,, and if the bullets are.of 
the fame weiglit and dimenfions,. powder may be proved by 
this method with much greater accuracy than has hitherto been 
done by any of the common, methods made ufe of for that 
purpofe... 
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Of the comparative goodnefs^ or value ^ of powder of djffkrent 

degrees f f^^'^'^^gth^ 

Let V denote the velocity of the bullet with the ftronger 
powder^ and put v equal to the velocity with the weaker, 
when the charges are ecpal, and the weight and dinienlions of 
the bullets are the fame, and when they are difcharged from 
the fame piece. If the charge is augmented when th^ weaker 
powder IS made ufe of, till the velocity of the bullet is in- 
creafed from v to V, or becomes equal to the velocity with the 
given charge of theflronger powder/ the /y^/z/i? of the charges 
may then be laid to be equal; and confequently the weaker 
powder is as much worfe than the ftronger, or is of lefs value 
in proportion as the quantity of it required by the pound, to 
produce the given effeft is great^er. 

But it is well known, that the velocities, with difFerent 
quantities of the fame kind of powder, are in the fub-duplicate 
ratio of the weights of the charges. The charges, therefore, 
muft be as the fquares of the velocities, and confeq\iently the 
charge of the weaker powder muft be to that of the ftronger, 
when the velocities are equal, as VV is to vv. The weaker 
powder is therefore as much worfe than the ftronger as W is 
greater than vv ; or the comparative goodnefs of powder, of 
different degrees of ftrength, is as the fquares of the velocities 
of the bullets when the charges are equal. 

The mean velocity of the hullets, as fhewn .by the pen- 
dulum in the 104th and 105th experiments, when the apiece 
was fired with 145 grains of government powdeiv was 894 feet 

S i % in 
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in a fecond ; and with the fame quantity of double proof * bat- 
tle powder (experiment N^^i 06) the velocity was 990 feet in a 
lecond. Now the fquares of thefe velocities, which^ as we 
juft obferved, meafure the goodnefs of the powder, are to each 
other as i is to 1 52363, or nearly as 5 is to 6. 

With 218 grains of government powder, the mean ve- 
locity in four experiments (vi%, the 40th, 41 ft, 42d, and 43d) 
was 1 225 feet in a fecond ; and in the experiment N"" 107. 
when the fame quantity of double proof battle powder was 
made ufe of, the velocity was 1380 in a fecond; and 

With 290 grains, or half the weight of the bullet In go- 
vernment powder in the 109th, iioth, iiith^ and iiath 
experiments, the mean velocity of the bullet was 1444 feet 
in a fecond ; but With the lame quantity of the battle powder 
(experiment W 116.) the velocity was 1525 feet in a fecond; 



—a 



1444 is to 1525 ^ as I isto I5I153. 

By taking a medium of thefb trials it appears, that double 
proof battk powder is better than government powder in pro* 
portion as 1,2:03615 to I, or nearly as 6 isto 5 ♦ 

Biit if, inftead of weighing the powder, we eftimate the 
quantity of the charge by meafbrement, or the i^ace it occupi^ 
in the bore of the piece, the comparative ftrength of battle 
powder ^il appear to be conliderably greater, or its ftrength 
will be to that of government powder nearly as 4 is to 3 ; for the 
grains of this better kind of powder being more compact and 
nearly of a fpherical form, a greater weight of it will lie in any 

* This is called to//^ powder, not becaufe it is ufed in battle or in war | but 
from Battle^ the name^^pf a village in Kent^ where that kind of powder is made. 

5 givcB 
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given fpacetlian of government powder^ which Is formed more 
loofelj, and of various and of very irregular figures. 

Now the common price of double proof battle powder, as., 
it is fold by the wholefale dealers in that commodity, is at the 
rate of ^. i o ^^r cwt. net, which is jufl two ihilliogs by the 
pound ; while government powder is fold at ^,5 5J. />^r hun- 
dred, or one .fhilling and /^-th of a penny /^r pound ; but bat- 
tle powder is better than government powder only in the pro* 
portion of 1,2036 to i, or of one fhilling and two pence to 
one fhilling and _i^th of a penny; battle powder is therefbrf 
fold at the rate of ten pence by the pound, or /^i^ per cerih 
dearer than it ought to be; or thofe, who make ufb of it in prer 
ference to governmerit powder, do it at a certain lofs of 4i.|' 
fer cent, of the money that the powder coils them. 

Of the relation of tJoe veUckies of huUetsto tBeir weigBtsi^ 

i^ccording to Mr. robins^s theory, when bullets of the fame 
diameter, but different weights, are difcharged from the fame 
piece by the fame quantity of powder, their velocities ihould be 
in the reciprocal fub-diiplicafce ration of their weights ;^ but as 
this theory is fDunded upon a ibppofition that the a<5tion of the 
elaftic fiurd, generated from the powder, is always the lame in 
any and every given part of the bore when the chai-geis the 
fame, whatever may be the weight of the bullet ; and as no 
allowance is made for the expenditure of force required to put 
the fluid itlelf in motion, or for the lols of it by the veiit ; it is 
plain that the theory is defedive. It is true, Dr. hut ton in hi$ 
experiments found this law to obtain without any great error, 
and poflbly it may hold good with fufficient accuracy in many 
cafes; for it lometimes happens that a nuimber of errors or 

a£tionS| 
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ailions, whofe operations have a contrary tendency, fo compen- 
late each other, that their effefts when united are not fenfible. 
But when this is the cafe, if any one of the cairfes of error is 
removed, thofe which remain will be detected. 
• When any given charge is loaded with a heavy bullet, more 
of the powder is inflamed in any very ihort fpace of time than 
when the bullet is lighter, and the adion of' the powder ought 
of courfe to be greater on that account ; but then a heavy bul-^ 
let takes up more time in paffing throughthe bore than a light 
•one, and eonfequently more of the elalHc fluid, generated froix^ 
'the powder, efcapes by the vent and by windage. It may hap- 
pen, that the augmentation of the force, on account of one of 
thefecircumflances, may.exav£lly counterbalance the diminution 
of it arifing from the other ; and if it jfliould be found upon 
trial that this is the cafe in general, in pieces as they are now 
conftruded, and with all the variety of fhot that are made ufe 
of in pradice, it would be of great ufe to know the fa£l : and 
poflibly it might anfweras well, as far as it relates to the art of 
gunnery, as if we were perfe£lly acquainted with, and were 
able to appreciate, the efFed of each varying circumflance under 
which an experiment can be made^ But when, coiieliiditig too 
haftily from the refult of a partial experiment, we fuppofe 
with Mr. ROBINS, that hecaufe the fum- total of the a^ion or 
preflure of the elaftic fluid upon the bullet, during the time of 
its pafiage through the bore, happens to be the fame when bulr 
lets of different weights are made ufe of (w4iich colledive 
preffure is in all cafes proportional to, and is accurately mea- 
fured by, the velocity, or rather motion, communicated to the 
.bullet) that therefore the preffure in any given part is always 
^exaftly the fame, when the quantity of powder is the fame 
with which the piece is fired ; and from thence endeavour to 

provCj 
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prove, that the inflammation of gun-powder is inftantaneous, 
or that the whole charge is in all cafe^ inflamed, and ^'- con- 
*^ verted into an elafiic fluid before the bullet is feniibly moved 
*^ from its place ;," fuch reafonings and conclufions may lead to 
very dangerous errors. 

It is undoubtedly true, that if the principles affumed by Mn 
KOBiHs with refpeft to the manner in which gun-powder takes 
fire, and the relation^ of the elafticity of the generated fluid to 
its denfi.ty, or the intenfity of its preflure upon the bullet as it 
expands in the barrel', were juft, and if the lofs of force by the 
vent and windage was in all cafes inconfiderable, or if it was 
preventedy the deductions from the theory re fpeding the .velo- 
cities of bullets of different weights would alvvays hold good. 
But if, on the contrary, it fliould be found upon making the^ 
experiments carefully, and in fuch a' manner as intirely to pre- 
vent inaccuracies arifing from adventitious circumflances, that 
the velocities obferve a law different from that which the theory 
fuppofes, we may fairly conclude, that the principles upon 
which the theory is founded are erroneous. 

Let us now fee how far thefe experiments differ from the 
theory. Thofe numbered from 84 to- 92 inclufive were made 
in fuch a manner that no part of the force of the powder was> 
loft by the vent, or by windage, as has already bean^mentioned, 
and all pofllble attention was paid to every circumftance that 
could contribute to render them perfe£t and conclufive. 

A particular account of them' with the means ufed for form* 
ihg the bullets, and making them fit for the bore, and thecon*^ 
trivance for preventing the efcape of the elaftic fluid by the 
vent, &c. may be feen inthe general table, p. ^45. The fol** 
lowins: table fhews the refult of theme 
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N- B, Tlie charge of powder was the fame vcv each e^tperl 
meat, and confifted of 145 grains in weight. 





Weight 
of the 
bullet. 

90grs» 

251 


Velocity 


of the bu!!et# 

Computed* 






Aflual. 

21 09 

1430 


DifFerence 


85 th exp, 
•86th 


2109 

1 26s 




4- 1 68 


87 th 

88 th 


554 
6od> 


4288 

1240 


1063 

^17 


+ 225 
+ 423 


89 th 
90th 


603 

II84 


1224 

ioi7 


815 
58 1 


+ 409 
+ 436 


91ft 


1754 


893 


478 


+ 415 


9 2d 


2352 


81 2 


413 


+ 399 



The Gompnted veloGities, as they are fet down in this table^ 
were .determined from the actual velocity of the bullet, as deter- 
mined by the recoil in the 85th experiment ; and the reciprocal 
fab-duplicate xatio of its weight to the weight of the bullet in 
each fubfequent experiment ; and in the laft column is marked 
the difiibrence between the experiment and the theory, or the 
number of feet in a fecond, by which the adual velocity 
exceeds the computed. 

But in ^order that we may fee this matter in different points 
of view^ let theoMerof the experiments be now inserted, and 
let the competed velocities be determined from the adual velo- 
city in the 9 2d expeitmenti and affumimg the total or collec- 
tive preffure everted by the powder ?upon the bullet in that expe- 
riment equal to unity^ let the collective prelfure in the other 
experiments be Computed from the ratio of the adual to the 
computed velocities^ and the table will iland thus • 



m^n Gm-pm^^^ • fe. 





Weight 


Velocity of the bullet 








of the 
bullet. 




. 




Ct)l!e£liY0 
vpreffiire* 




I"**""*"-"*" 

A'&mU 


Computed. 
812 


Differenee* 


92d exp. 


2352grS, 


- 81a 




ijoobo 


91ft 


J 754 


'^3 


940 


*" ; 47^ 


0,9020' 


'90th 


1 1 84 


10 1 7 


1X45 


^ ■ I2B' 


0,7897 


89th 


603 


1224 


1604 


- . 380 . 


0,5825 


88 th 


600 


1240 


1608 


-* '2'68 


o»S949 


87th 


354 


1288 


2093 


-- 805 




86th 


251 


'1430' 


2486 


-1056 ■ 


0,3.310 


85th 


90 


%I Dp 


415 f 


--,2042 


0,2581 



In the following figure let ABreprefent the axis of thepiece» 
tnd AP the length of the fpace filled with powdec; and at thfr 




P>« 



point P let the perpendicular PHbeereaed, upon which let PL 
and PM be taken from P towards H of fuch magnitudes that 
while PL expounds the uniform force of gravity, or the weight 
of the bullet, PM Ihall be as the force exerted by the powder 
Vol. LXXI. T t tipon 



po Mr. THOMPSON'S Experiments 

upon the bullet at the moment of the explofion. If now wc 
fuppofe, that while the bullet moves on from P towards B, the 
line PM or pm^ goes along with it, and that the point m is^ 
always taken in fuch a manner that the line ^z;?, Ihall be to^ 
pi J or PL, as the force afting upon the bullet in the pointy,, 
is to its weight, till pm^ coincides with QB, then will the 
area PMQB be to the area PLDB in the duplicate proportion, of 
the velocities which the bullet would acquire when a£led on by 
its own gravity through the fpace PB, and when impelled 
through the flime Ipace by the force of the powder, as may 
be feen demonftrated by Sir isaac newton, in his Mathema- 
tical Principles of Natural Philofophy, book L prop. 39. 

Now what I call the colledive preflure, or fum total of the 
sftion of the powder upon the bullet, is the meafure of the 
area PMQB ; and it is plain, from what has been faid above,, 
that its meafures are In all cafes to be accurately determined^ 
when the weight and velocity of the bullet are known. 

If all the powder of the charge was inflamed at once, or be- 
fore the bullet fenfibly moved from its place ; and if the pref- 
fure of the generated fluid was always as its denlity, or inverfely 
as the fpace it occupies, then would the line MQbe an by berbola,. 
the.area PMQB would always be the fame when the charge 
was the fame, and confequently the velocities of the bullets 
would be as the fquare roots of their weights inverfely. But 
it appears, from the before mentioned experiments, that when 
the weight of the bullet was increafed four times, the aftion 
of the. powder, or area PMQB 5^ was nearly doubled ; for in 
the 9 2d experiment, when four bullets were discharged at 
once, the colledive preflure was as i ; but In the 89th experi- 
ment, when a Angle bullqt was made ufe of, the colledive 
I preffure 
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preiTure was only as O55815 ; and 111 the Bjth, 86th, and 
Sjth experiments, when the bullets were, much lighter, the 
adion of the charge was ftill lefs. 

But though we can determine with great certainty, from 
thefe experiments, the ratio in which the adion of the powder 
«pon the bullet was increafed or diminifhed, by making ufe of 
bullets of greater or lefs weight; yet we cannot from thence 
afcertain the relation of the elafticity of the generated fluid to 
its denfity, nor the quantity of powder that is inflamed at dif- 
ferent periods before and after the bullet begins to move in the 
bore. 

But aflfuming Mr. robins's principles as far as relates to the 
elafticity of the fluid, and fuppofing that in all the experiments, 
except the 9 2d, a part only of the charge took fire^ and that 
that part was inflamed and converted intoan elaftic fluid before 
the bullet began to move ; upon that fuppofition we can deter- 
mine the quantity of powder that took fire in each experiment ; 
for the quantity of powder in that cafe would be as the collec- 
tive preflure. 

Thus, if the whole charge, =r 145 grains in weight, is fup- 
pofed to have been inflamed in the p^d experiment, the quan- 
tity inflamed in each of the other experiments will appear to 
have been as follows ; vm* 
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Weight of 


Velocity 06 


e©lle£live' 


pQwdei- 




the bullet. 


the bullets 


preffure. 


inflamed. 


85 th exp» 


90 grs^. 


21095 


0,2581 


37 gf s»' 


8.6 th 


251. 


My^ 


0,3.310 


48 


87th 


354 


X288. 


©,3778: 


55 


§8th: 


loo 


1240 
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Bat tfiare- are many reaibiis to fuppole,, that the- diminution 
#f; the action of the powderupQii the bulletj when It is hghter, is^ 
not ib m]M:h0^ing tothe fiBallels of the quantity of powder 
that takes fire in that eafe as to the vis inert i^e of the generated: 
#uid». It is trme^ that a greater portion^ of the charge takes^ 
fire when xkm biillet is heavy than when, it is lights as 1 fbundi 
ip the very experiments of wiiicLlam now ipeaking ;, but them 
the quantity of tiiifired powder in any cafe was much too finally 
to account for the apparent diminution, of the force when light: 
b\illet^-were rnade ufe of. 

If the elafiic fluid, in the a£tion of which, the ferce of 
powder confifts, were infinitely fine^. or if its weight bore no^ 
proportion to that of the powder that generated; it ;:, and if the- 
grofs matter, or caput mof^tuim^. of the powder remained in the 
bottom of the bore after the explofion^ then,, and upon no^^ 
other fuippofition, would the prefllire upon the bullet be in- 
v:erfely as^the ipace occupied: by the fluid :;: but it is evident that: 
this can never be the cafe. 

A curious {ubie<5l for {peculation here occurs :: how far would'; 
it be advantageous^, were it poffible, to diminifh the fpecific 
graviip of gun-powderj, and the fluid generated from it, with- 
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©lit leffenlng its elaftic force ? It would certaitily a£l upon very- 
light bullets with greater force ; but when heavy ones came to 
be made life of, there is reafon to think, that, except extraor- 
dinary preeaution was taken to prevent it^ the greattft part of 
the force would be loft by the vent and by windage. 

The velocity with which elaffic fluids Tudi into a void fpace is= 
as the elafticity of the fluid direftly,/ and inverfely as its den-- 
fity ; if,, therefore, the den 11 ty of the fluid genexkted from' 
powder was four times- lefs than it is, its elafticity remaining; 
f he fame, it would iflue out at the vent, and efcape by the fide: 
©f the builelT in the bore, with nearlv four times, as p-reat a^^ 
velocity as it dbes at prefent ; but we know from experiment- 
that the lofe' of force on thofe accounts is^ now very conli- 
derable; 

In the experiments- N"" j^^ and jj. wdieirthe piece wms fired' 
with 14:5 grains of powder,, the velocity of the bullets at a* 
medium was 1 040 feet iir a fecond ;: butiiiithe 88th arid Sptb 
€xperim:ents, when the bullets were even heavier, and the' 
piece was fired with the fame- quantity of powder,, the meaai 
Telocity was 1232 feet in: a ffecond.. The difference 1^-192:: 
feet in a fecond, anfwers to a' difference of force greater in the; 
iaftexperiments than inthefirftin the proportion of 14 to 10. 

1 know of no way to account for this difference, but by fup-' 
pofing that it was^ owing intirely to the efcape of the elaftic: 
fluid by the vent, andby windage, in^thofe experiments where' 
t^he vent was open, and the bullets were put naked into the' 
piece. 

An elaftic bow, made of very liglit wood, will throw aiij 
arrow, and efpecially a light one,, wdth greater velocity than a 
Bow of fteelof the fame degree of ftiffnefs : but, for praftice,. 
Ithkik it i^ plain,, that gun-powder may k fuppofed to be fo> 



light; 
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light as to be rendered intireiy iifeiefs : and for fome pnrpofes It 
feems probable, that it Would not be the worfe forbeuig even 
heavier than it is now made. Vents are abfolutely neceffary in 
fire-arms, and in large pieces the windage muft be coniiderable, 
in order that the bullets, which are not always fo round as they 
Ihouldbe, may not ftick in the bore; and thofe who have been 
prefent at the firing of heavy artillery and large mortars with 
fliot and fliells, muft have obferved, that there is a fenfible fpace 
of time elapfes between the lighting of the prime and the ex- 
plofion ; and that, during that interval, the flame is continually 
iffuing out at the vent with a hiffing noife, and with a prodi- 
gious velocity, as appears by the height to which the ftream of 
fire mounts up in the air. It is plain, that this lofs muft be 
greater in proportion as the fhot that is difcharged is hearier ; 
and I have often fancied, that I perceived a fenfible difference In 
the time that elapfed between the firing of the prime and the 
explofion, when bullets were difcharged, and when the piece 
has been fired with powder only ; the time being apparently 
longer in the former cafe than the latter. 

Almoft all the writers upon gun-powder, and particularly 
thofe of the laft century, gave different recipes for powder that 
is defigned for different ufes. Thus the French authors men- 
tion poudre a moufquet^ poudre ordinaire de guerre^ poudre d'e 
cbajfe, and poudre d'* artificer all of which are compoled of fait 
petre, fulphur, and charcoal, taken in different proportions. 
Is it not probable, that this variety in the compofition of pow- 
der was originally introduced in confequence of obfervation 
that one kind of powder was better adapted for particular 
purpofes than another, or from experiments made on purpofe 
to afcertain the faft ? There is one circumftance that would 
lead us to fuppofe that that was the cafe. — That kind of pow- 
der 
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der which was defigned for great guns and mortars was weaker 
than thoie which were intended to be ufed in fmaller pieces : 
for if there is any foundation for thefe conjeftures, it is cer- 
tain, that the weakeft powder, or the heavieft in proportion to 
its elaftic force, ought to be ufed to impel the heavieft bullets^ 
and particularly in guns that are imperfe£lly formed, where the 
vent is large, and the windage very great. 

I am perfedly aware, that an objeftion may here be made, 
viz. that the elaftic fluid, which is generated from gun-powder, 
vnnik be fuppofed to have the fame properties very nearly, 
whatever may be the proportion of the feveral ingredients, and 
that therefore the only difference there can be in powder is, 
that one kind may generate more of this fluid, and another lefs; 
and that when it is generated, it a8:s in the fame manner, and 
will alike efcape, and with the fame velocity, by any paflage it 
can find. But to this I anfwer, tliough the fluid may be the 
fame, as undoubtedly it is, and though its denfity and elafti- 
city may be the fame in all cafes at the inftant of its generation,, 
yet in the explofion, the elaflic and un-elaftic parts are fo mixed' 
and blended, that I imagine the fluid cannot expand without 
taking the grofs matter along with it, and the velocity witli 
which the flame ifllies out at the vent is to be computed fromi 
the elafticity of the fluid, and the denfity or weight of the fluid 
and the grofs matter taken together, and not fimply from 
the elafticity and denfity of the fluid. If antimony in an im- 
palpable powder, or any other heavy body, was intimately 
mixed with water in a vefTel of any kind, and kept in fufpenfion 
by fhaking or ftirring them about; and if a hole was opened 
in the fide or bottom of the veflel, the water would not run 
out without taking the particles of the foiid body along with 
it* And in the fame manner I Conceive the fblid particles that 

remain 
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;remain after the explofioH of gun-powder are carried forwarci 
with the generated elaftic fluid, and being carried forward 
^retard its motion. — But to return from this digreffion. 

As it appears from thefe experiments, that the relation of the 
yeloeities of bullets to their weights is different from that which 
Mr. ROBiNs's theory fuppofes, it remains to inquire what the 
law is which a6lual]y obtains. And, firft, as the ifelocities 
bear a greater proportion to each other than the reciprocal fub- 
duplieate ratio of the weights of the bullets, Ictus fee how 
jieai:* they come to the reciprocal fub- triplicate ratio of their 
weights* 
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Here the velocities comptited nppn the lafl: fuppofition appear 
to agree much better with the experiments than tliofe com- 
puted upon Mr. robins's principles; but ftill there is a confi- 
derlble difference between the a6lual and the computed veloci- 
ties in the three laft experiments in the table. 

As the powder^ itfelf is heavy, it may be confidered a;s a 
weight that is put in motion along with the bullet ; and if we 

fuppofe 
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ftippofe the denfity of the generated iuid is always uniform 
from the bullet to the breech, the velocity of the center of 
gravity of the powder or (which amounts to the fame thing) of 
the elaftic fluid, and thegrofs matter generated from it will 
be juft half as great as the velocity of the bullet. If therefore 
we put P to denote the weight of the powder, B the weight 
of the bullet, and t; its initial velocity ; then B'u+lP^;::^ 

B + |Fx 1; will exprefs the momentum c^ the charge at the 
inllant when the bullet quits the bore. 

If iiow, inftead of afcertaining the relation >f the velocities 
to the weights of the bullets, we add half the weight of the 
powder to the weight of the bullet, and compute the velo-^ 
cities from the reciprocal fub-triplicate ratio of the quantity 

B + 1 P in each experiment, the table will ftand thus : 

Velocity of the bullet. 



f^ 



ni*\H« 



mtm 



Weight of the 

bullet and half Afl:ua4 Con^putede Error of the 

the powder* theory. 



92dexp. 2352-% 72 1 812 812 — — 

91ft 7754+721 ^93 892 [- I 

90th a[i84 + 72§ 1017 imi ■>- 6 

%th 603 + 72I 1224 ^^43 !+ ^9 

SSth 600 + 72 1 1240 1245 '+5 

87th 35^ + 7^i '288 1449 i+i6i 

86th T51T72I I4JO 1589 I+159 

Bi th 90 + 72 f 2 1 09 1999 [-110 



V0L.LXXJ» Vm The 



p0 Mr. T&tuMmBWB Empmments 

l^he agraenieat betweeri the altyal aiid coisif iittjd' ^alo^ilt 
fe hei^very remai^abk,. aridpartieiilarly fe ll?q firftejip^-f^ 
rimeiits^ whleb are ceaijakly tbic^ mpon which tlte grmt^i^ 
lepeiidenGe may be |laeed» 

And hence we am eiiayied to determm tf the 

^5^, artod ^|fig' |v6.5i; foi^ iii^e B i^whkli^ exprefes the 
©f the b^kt): is asr the kfigth taken 1^^ lowaris 1 pi^ the 
igiire ib tihe feveral ^xpepmemts j: apd as^ tbe^efocitie§ at^ i^> 
tiie lines drawn perpencictjlir to t& line AB Irom th? f lim^ 
wEere id^ole lengtls tmmmdmy as w, 2^, &g, ending .at Ae 
c^rve fi;, ^1: if we p^t^i=|Py Ar-:t:B, ^n€ j;q^:t^^^ the^ 
will the relation* %i n ancj ji l|g l^fis^d by this eqpatlpi^ 

- . 'I . '^ "■ ,■ 

--p=:r==:r it J. i^d if z i>e piit to denote the line w r^ and p^ 
the recoil when- tihe given charge is fired without any bn Met, it 
"v^ht ---i^i^^^ ^ being: tiieaWciila, and! 



% the edrre:%ondin|; lof dnate %d the curve; 

In the 9 2d experiment h^lf the weight of thejowder (==^} 
was 7z| grains; the weight of the bullet was 2352 grains^ 
( =r^^ ; the recoil (tr%) was^2^25 inches, and-with the given 
chafge without aiy^bulkt the t ecoil {-b) was %^ inches j W 
now fir^n thefe Sm^. zni tfe known w^ght o^jthe bulletin 
eafchf £ file otfaer-f if^lnients fhlsiet, t;he recf^ 

by idearis of the ii6orern — ^s-r + ^ =: 2^^ how^the 

lefult of thofe experiments agrees witL this. tlie^it^:: thus^ 
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Here *he agreement of t^ Is as 

jremarkable as that ^ the a<Etual and ^(i0np^iited velooities Iti the 
i^regeit^ taWe* 

By the figure 117. may he ieem ^ one i^im^ tJie f eliilt of all 
thefe experiments and €om|)utations. ITtie numbers ^on the 
line AS (as In the %. 4 6.| reprelent tJie weights oJFt^^^^ 
while the Mnes dra^y^a fe^m thofe nwijihers perpmdicidsir to AB 
mi each file, aid mding at the curves % ^, ai^ as <Jie i^dodtiep 
of the huUets In the ieveral ei^erinignts; thelln^^^i^ 
axis of the curves, the lengths taken fk^m A *o^^ 
numbers towards B ( =: a?) the ablHfla, €nd the jperpeiidlculars 
K^) Ae corre^ondiiig drdin^es/ The ordinate! 1^ the 
^he curve hn, are as the velocities computed f^^ 

^--:====: s j^, Md the ordinates to the curve A, « fwhMi Is the 

logarithmic curve^ as it is j| — ^) ihew the i;^locities tJOiiifWiei 

tjpon Mrt ioBiNs*s principles* The ciirve^/ is drawn frora 

U u a the 
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tlae tE^orem — ••T==r + ^ == ^; and the actual recoil is marieA 

Upon the ordinates to this cur^e 'by large round dots, which in^ 
aH the experiments,, except the 8.6th and 8 ^th.,, very nearly^ 
€oineide with the curve.. 

In the fig i8. the numbers^ upon cheline AB, taken fioraA^ 
denote the diferent charges %f powder nffel in the courle of 
the experiments^ while the wdinates. to the curve cd^ m^t^ 
the velocities ofJ the bullets^ %ith the vent at o. The lines^ 
drawn perpendicular from the line &B- to the line g/^ repre- 
fent the recoil with the fcveral cferges o£ pawder^. and a leaden 
bullet; and the portion of tlofe lines, that is comprehended 
between the line ^^ and theliae gh^ denotes the recoil whe^ 
the given charge was fii;ed without any bullet,. 

Having now fliewn by experiment the relation o£ the veloci- 
ties of bullets to theit weights, when care is taken to preve 
intirely the lojfs of force by the efcape of the elaftic fluid 
through the vent and by the ,windam-, I Ihall leave it to ma- 
th,ematicians to determine from theie data the properties of 
that fluid. 

But, before I take my leave oC this jfubjed^ Iwouldjuftob- 
iervej, that Mr. robins is not only rpiftaken in theprinqipl? he 
aiiutoes, relpefting the relation of t^e ^lafficity of the fluicf 
generated from gun-powder to its denfity, or rather the law of 
its a£lion upoti the bullet as it expands^jn' the bore ;. but his 
determination of the force of gun-powder is alio, erroneous^ 
even upon his own principled : for he determines its f)rce to b^ 
ioDO' ttoe&= .greater than the mean' prefllti-e ;of the^ atmo- 
fphere ; whereas it appears, from the refult of the oad experi- 
ment, that its- force is at; leafl 1308 times- greater thkn the 



mean preffii re of the atmofphere, as will be eyldent to thofe 
who will take the trouble to make the computation. 



Of an attempt to determme the exploftve force of aurum fulml- 
nans, or a comparlfon between its force and that f gun- powder. 

Having provided mj^jfelf with a fmalT guantitj of this won- 
derful powder, upon the goodnefs of which I could depend, I 
endeavoured to afcertain its explofive force by making ufe of it 
inftead of gun-powder .for dilcharging a bullet, arid meafliring, 
by means of the pendulum, the velocity which the bullet ac- 
quired ; and concluding, from the tremendous report with which 
this lubrtance explodes, that its elaitic f%ce was vaftl^^ 
than that of gun-powder, I took care to have a barrel provided 
of uncommon ftrengthj on purpofe for the experiment. Its 
length in the bore is 13,25 inches, the diameter of the bore is 
^%SS ^^ ^^ inch, and its weight 7 lbs. 2 oz. It is of the befl 
iron, and was made by wogdon ; and the accuracy with which 
it i? finifhed does credit to the workman. 

This barrel being charged with one fixteenth of an ounce 
(r: 27,34 gralnsV of aurum fulminms zxxA, two leaden bullets^ 
which, together with, the leather that was put about them to^ 
make them fit the bore without windage, weighed 427 grains ; 
it was laid upon a chaffing-difh of live coals, at the diftance of 
about I a feet from the pendulum, and again fl the center of the' 
target of the pendulum the piece was dire£ted. 

Having fecu red the barrel in fuch a manner that its dire<3:ibn5^ 
fhould not alter, I retired to a little diflarice, in ordfer tobe out 
of danger in cafe of an accident, where I waited in anxious 
expectation the event of the explofiont 

I hacf 
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I Bad iMiined in tilis fittiWtitiii fijtiie minWe^ tod alitoaffi^ 
delpaired of tlie eJcpetfniiaf § feeefeedmg, wteii the pwfeir 
exploded, bat with a report infinitely lefs than what I expeded, 
:^e nm&.. not greatly .exceeding the report . of a well-charged 
windgan; and it wms hot tili I law the pendulnm in motiom 
that I could he perfoaded tliat the hnllets had been dilch^rged. 
I Ibundf l^owe ver, upon examination^ that nothin g was left in 
the barrel, and from the great nnnibe^ of fe 
revived metd that were ^ilperfed abcmt^ I had reafori fe llink 
chat all the powder had exploded. 

The bullets Itrack the ffehiulnra^ tt^^ tte c^ter of tM 

target, and both of thcfm remained in ^le i^ : and 1 BnnS, 
•ppon jn^ng the ealcul^ion, i:hal: thcf^ l^d impinged Igaintti^ 
with a Velocity of 42 8 feet in a fecond. 

If we now iuppofe that the force (>f ^i^nsf^j^iS^^i arlfei 
6orn the aEIon of an elaftic iuld that is generated from ft m 
the moment of its explofioh, and that the elatticlty of iils 
flni4 o^ rather the force It eke rtltipbnl^^ as it goes^n 

to expand, is always as its denfity, or inversely as the fpace k 
occnpies 1 ^:hen, from t% known dimenfic^s of the barf^, ^| 
len^h f)l the ^ace occnpied by the^ha^e (which in this lex- 
|)eria^ent was 0,47 of an inch|, and the weight and velocity of 
the bullets, the elattic force of this tlnid at the inllaht of !ti 
gener;atipn may be determined * and 1 find, upon making thfe 
calculation npon thejfe principles, that its force turns out 31^5^ 
times greater than the feean elaftic force of common air. 

According to Mr. robihs's th^ry, the elaffic force of the 
iuid ^n^rated from gun-powder in its inflammation is i ,000 
times greater than the mean prefliire of the gtmolphere,| 
the force of aurum fuImmanSf therefore, appears to be to that 
of gtm-powder as 307 is to^i ,ooj5|> .«r as^ is to 13 ^^ry nearly* 

7 9f 



Of the Jpecijic gravity of gun -powder. 

To determine the fpecific gravity of gun-powder I made ule 
of the followuig method. A large glafs bucket, with a narrow 
mouth, being fufpended to one of the arms of a very nice 
balance, and exaftly counter-poifed by weights put in the op- 
pofite fcale, it was filled firft wkh government powder poured; 
in lightly, then with the fame powder fhaken well together, 
afterwards with powder and water together^ and laftly with 
water alone, and in each cafe the contents of the bucket were 
very exaftly w^eighed. 

The fpecific gravity of gun-powder-* as determined from 
thefe experim-vnts, is as follows : 

Specific gravity of rain water - • 1,000 

Government powder, as it lies ligjhtiiia heapv mixed! o ^ 
. ^ ^ ^ V 0,836 

with air • • • • J 

Government powder well fhaken together • 0,937 

The folid fubftance of the powder • - ^>745 

Heixce it appears, that a cubic inch of goyernnoent powder 
fliftken ,w;ell together weighs juft 243 grains; that ?ici:ibj^G incb 
of foli^ pawner would weigh 44a grains ; and, confecjijently, 
th^t the interftices between the ;paijticj[e3 ojf jthe powder, as it 
is grained for ufe, gre jiearJy ^^ ^cgt^? %)^ fi?!^Cj?5 wh^ch ftihioJfe 
IKir.tiQles .QGcypy* 
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MISCELLANEOUS EXPERIMENTS 

Offomeunfuccefsftiia of gun-powder^ 

It has been Itippofed by mamy, that the force of fteam is 
even greater than that of gun-pbwderi and that if a quantity 
of water, confined in the chamber of a gun, could at once be 
rarified into fleam, it would impel a bullet with prodigious ve« 
ieclty • Several attempts have been made to fhoot bullets in this 
manner ; but I know of none that have fucceeded ; at leaft fo 
far as to render it probable thar Water cd,n ever be fubftituted in 
the room of gun-powder for military purpofes, as fome have 
imagined. 

The great difficulty that attends making thefe experiments 
lies in findmg out a method by which the water caix at once be 
rarified, and converted into elaftic fteam; and it occurred to 
me, that poffibly that might be efFefted by means of gun-pow- 
der, by confining k fmall quantity of water in fome very thin 
lubftance, and furrounding and inclofihg it with powder, and 
afterwards fetting fire to the charge. The method I took to do 
thi^ was as follows. Having procured a number of air blad* 
ders of very foiaE fifhes, I put different quantities of water 
into them from the fize of a fmall pea to that of a Imall piftol 
bullet^ and tying them up clofe with fome very fine thread, I 
hung up thefe little globules in the open air till they were quite 
dry on the outfide. I then provided a number of cartridges 
made of fine paper, and filled them with a known quantity of 
|)owder, equal to the cuftomary charge for a common horfe- 
man's piftol j and having loaded fuch a piftol with one of them 
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Mid a fit bullet^ I laid it down upon the grotiill, and direfting 
It agaiiift an oaken plank that was placed about fix feet from the 
mnzElcj r fired it off by a train, and carefully obferved the 
recoilj and alfo the penetration of the bullet. I then took 
federal of the filled cartridges that remained, and pouring out 
part of the powderj I put one or more of the little bladders 
filled with water in the center of the cartridge, and afterwards 
pouring back the remaining part of the charge, confined the 
water in thetnidft of the powder. 

With thefe cartridges and a fit bullet, the piftol was fuccef* 
lively loaded, and being placed upon the ground as before, and 
fired by a train j the recoil, and the penetration of the bullets 
were obferved; and I conftantly found, that the force of the 
charge was very fenfibly diminiflied by the addition of the 
globule of w^ater, and the larger the quantity of water was that 
was thus confined, the lefs was the efFe£l: of the charge; nei-^ 
ther the recoil of the piftol^ nor the penetration of the bulleti 
being near equal to what they were when the given quantity 
of powder was fired without the water ; and the report of the 
explofion appeared to be leflened in a Mil greater proportion 
than the recoil or penetration. 

Concluding that this dimintition of the force of the charge 
arofe from the burfting of the little bladder^- and^the difperfion. 
of the water among the powder before it was all infiamed, by 
which a great part of it %as prevented from taking fire, I re- 
peated the experiments with highly rectified fpirits of wine in- 
ftead of water; but the refult was nearly the fame as before: 
the force of the charge was conftantly and vei*y; fenfibly dimi- 
liifhed. 1 afterwards made ufe of etherial oil of turpentinci 
and then of fmall quantities of quickfilver ; but Mil with no 
' VoL.LXXI. ■ ■ ■ '■ ■ -X X-. ■ .-.: ■ .better^ 
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better fuccefs. Every thing I mixed with the powder, inftead 
of iBcreaiing, ferved to leffen the force of the charge. 

Thefe triais were all made federal months before I began the. 
coiirfe of my experiments upon gun- powder, which I have. 
'already given an account of; and though they were altogether: 
iinfuccefsfulj yetl refumed, the inquiry at that time, and madc: 
feveral new experiments, with a view to find out fomething' 
that fliould be ftronser than, powder, or which, when niixed, 
with, it, fliould increafe its force., 

Itris.w^eli known,, that the elaftic force of quickfrlver con--- 
iierted into vapQiir, is. very great ; this, fubftance I made ufe ofv 
in my f)rmer. trials, as I have juft.obferved, but without, fucr- 
cefs. I thought, however, thaji the failure of, that attempt 
might poffibly be owing to, the quickfilverbmng too mych in a 
body, by which ii)ea;ns the fire could not ad. upon it to, the 
p^reateft, advanta^^e ; but that if it cpuld ba. divided into .^exceed-" 
ing fmail particles, and fo ordered that each particle might be 
completely furroiinded by^ and expofed to,, the adion of the 
flange of thepowder, it would be /v^eryfoon heated, and, poffibly. 
might be coiiv:erted into an elaftic fleam or, vapour, before the 
bullet could be fenfibly removed from its place. . To d^tqrrnine 
this point Lmbed 20 grains, of aethiopsmkieralyery intimately 
with 145 grains of powder, and. charging the piece with this 
compound, it wag loaded , with a. J^^^^^^ fi^red; but the 

force of the, charge wgs Id^^ than that which th^ powder alone 
would have. exerted, as appeap by qoinparing the 76th atid 77th 
cxperimentjs with tiie 79th,. 

Common pulvis ftilminans is .madp of onejjart of fulphur^,, 
two parts of fait of tartar, . and th^ee parts of nitre ; and if we. 
may judge, b)^ tiiQ. report of the explofion, the el^ftic fqi^cepf 
this compound k confiderably^ greater thaa that of , gun-powder« 

"I was 
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I wasMiling to fee theefFett of mixing fait of tartar with gurl- 
powder, and accordingly having provided fome of this alkaline 
fait in its pu reft ftate, thoroughly dry, and in a fine powder, I 
mixed 20 grains of it with 145 grains of gun-powder; and 
npon difcharging a bullet with the mixture, I found that the 
alkaline fait had coniiderably lefiened the force of the powder. 
See experiment N"^ 78* 

I next made ufe oi fal ammoniacum. That, fait has been: 
found to produce a very large quantity of elallic air, orv^pour^ 
when expofed to heat under certain ckxumftances ; but vv^heii 
^o grains of it were mixed with a charge of gun-po"\¥der, in- 
fl:ead of adding to its force, it diminiihed it very fenfibly. See 
the 80th experiment. 

Moil, if not all, the metals^ afe thought to produce large 
quantities of air when they are diilblved in proper menjirua^ ^xx^ 
particularly brafs, when it is diilblved in Ipiritof nitre. De- 
lirous of feeing if this could be done by the flame, or acid 
vapour of fired powder, I mixed ±0 grains of birafs iil a very 
fine powder, comiiionly called brafs daft (being the fmail 
particles of this metal that fly off from the wheel in fharpening 
pins), with 145 grains of powder, and with this coinpound 
and a fit bullet I loaded my barrel and difchafged it ; but the 
experiment (N"" 8 i «) fliewed, that the force of the powder was. 
not increafed by the addition of the brafs dufir, but the coil^ 
trary^ 

It feems probable, however, that neither bf^fs duil ndr 
^thiops mineral are of themfeives capable of diminifhibg the 
force of gun- powder in any confiderable degree, otherwife than-, 
by filling up the interftices between the grains, and obftru£lirig 
the paflage of the flame, and fo impeding the progrefs of thein-^ 
■flammatioB. And hence it appears, how^ eHrthy particles antl. 
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imp'urities of ali kinds are fo very detrimental to gun-powder. 
It is not that they deftroy or alter the properties of any of the 
bodies of which the powder is compofedj but fimply, that by 
obftru(5tIng the progrefs of the inflamniation, they leffen its 
force, and render it of little or no value. Too much care, 
therefore, cannot be taken in mannfafturing powder to free 
the materials from all heterogeneous matter. 

Of an attempt to Jhoot flame hijlead of bullets. 

"Having often obferved paper, and other light bodies to come 
out of great guns and liiiail arms inflamed, I was led to try if 
other inflammable bodies might not be fet on fire in like man- 
ner, and particularly inflammable fluids j and I thought if this 
could be effeded, it might be pofilble to projed fuch ignited 
bodies by the force of the exploiion, and by that means 
communicate the fire to other bodies at fome confiderable 
diflance ; but in this attempt I failed totally, I never could 
fet dry tow on fire at the diftance of five yards from the 
muzzle of my barrel. I repeatedly difcharged large wads 
of tow and paper, thoroughly foaked in the moft inflammable 
fluids, fuch as alkohol^ atherial fpirit of turpentine^ halfam of 
fulphurj &c. ; but none of them were ever fet on fire by the 
explofion. Sometimes I difcharged three or four fpoonfuls of 
the inflammable fluid, by interpofmg a very thin wad of cork 
over the powder, and another over the fluid ; but flill with no 
better fuccefs. The fluid w^as projefted againfl the wall as be- 
fore, and left a mark where it hit; but it never could be made 
to take fire ; fo 1 gave up the attempt. If it had fucceeded, 
probably it would have turned out one of the moft important 
difcoveries in the art of v/ar that have been made fince the 
invention of guo-powden 
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